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^ P.O. Box 6 /86
Bozeman, MT 59775

(406; 587-3478

March 4, 1991

/ . -
..,/
7 "'

Waste Management
Land Reclamation

Resource Inventory
Agricultural Consulting

c4-"r-xv,J

' . ' , . • • v. i^o; A'Kv"" r-
Mr. Pat Plantenberg ' • " • ' '" '"'" \ ^ --f t > , . 4/ , . , . .»• A • - • " • , .
Department of State Lands , - r? f /: i'̂ !: x;<r^ t -Ir^••'"!"
Hardrock Mining Bureau - ! • • • • jj^-.i^cv/'?-^; ' ^ ' ' / ' '
1625 Eleventh Avenue *"' r,>^^J ^-^ ^,^i^?aiJ1/{"^J

Helena, Montana 59620 ^ui j . f v ^ i v ^ ,* -< b f ,-'\j<-fl

Dear Pat:

Enclosed are two copies of Water Quality Data Report No. 1 summarizing the results
of the first round of water sampling at the W.R. Grace vermiculite mine near Libby, which
was done in mid-November. Please forward one copy to Tom Reid at the Water Quality
Bureau. The reports are delayed more than I would have liked. We had some difficulty
getting a rapid turn-around on the asbestos samples. When we did finally get the results,
they all looked reasonable except our blind control, which was nowhere near the duplicate
we submitted. We requested EMSL to look at this sample again and they reported what
seems to have been an obvious analytical error. Reanalysis of the control confirmed the
analysis of the original sample. We have also put a considerable effort into the report for
data interpretation which took some time. Later reports will not be so extensive.

We plan to make another sampling trip in late March at the start of spring runoff in
an effort to get data when sediment loading is likely to be higher and then again when runoff
has begun to decline. These sample dates would provide data in line with Tom Reid's
response to our Water Quality Monitoring Plan. I would ask you to consider abandoning
a summer sampling campaign in the interest of saving our client some money on an effort
that is probably not going to provide any additional information. These sampling campaigns
cost almost $6,000.00 each for the analytical work and our labor hours are in addition to
that.

Let me know if you have any questions or comments regarding the data.

Sincerely,

°/' ;

Tom Hudson
Project Manager
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of 1990.
As part of the reclamation and closure, particularly as it applies to areas around the tailings
impoundment, W.R. Grace submitted to the Water Quality Bureau a proposed Water
Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The purpose
of the Plan was to establish post-closure water quality data as a means of monitoring the
performance of facility reclamation measures.

The plan calls for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai was proposed if initial data
on Rainy Creek indicated any potential health concerns. Four sampling campaigns were
proposed for the first year to assess seasonal variations in water quality. Additional annual
sampling campaigns for a minimum of three years following closure were also proposed.
This report presents the data from the first sampling event performed on November 13-15,
1991.
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2.0 METHODS

Sampling methods were outlined in the Water Quality Monitoring Plan submitted in
September, 1991. One modification to the plan was made in the field. It was observed that
the diversion of Rainy Creek above the tailings impoundment was not totally effective and
that appreciable flow was reestablished below the dam from runoff and groundwater
seepage. In the interest of getting complete data this flow was also sampled at Site SW-11.

Some modifications were made to the sample preservation techniques outlined in the
Plan to comply with accepted standard methods. The preservation techniques and analytical
methods used are summarized in Table 2.1. All samples were stored and shipped on ice.
Metals were analyzed as the "total recoverable" form according to procedures outlined in
Standard Methods for Examination of Water and Wastewater (APHA, 1985).
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Table 2.1. Summary of sampling and analytical methods for water samples.

v ; •£ Unpreserved Samples "'•-.• .;.;•; '•••'•. '.••:

VGprriponerit : :
•v! •"•'•• •.;/!!'•;••:•'..• '.''*";'..':-

TDS

TSS

Asbest. Fibers

Hardness

Alkalinity

NO3-

S04'
2

Cl

F

Ca

Mg

Na

K

C03-
2/HC03-

'•:•• Analytical.::^; ;
;^ '̂Method V^f--.;;

EPA 160.1

EPA 160.2

EPA-600/4-83-043

EPA 130.2

EPA 31 0.1

EPA 353.2

EPA 375.3

EPA 325.3

EPA 340.2

EPA 21 5. 1/200.7

EPA 242.1/200.7

EPA 273.1/200.7

EPA 258.1/200.7

EPA 31 0.1

;:;:V; j;;'. ';::;.v }\ ̂ '. "C. Preserved Samples ' •-' : y. '•'"_•• -.';.:; j:- '. . '•

Compohent

TPH

Cu

Zn

Cd

Pb

Hg

Fe

As

Ni

Cr

Prefieryatiori/
'Container2::

H2S04/Glass

HN03/PE

HNO3/PE

HN03/PE .

HNO3/PE

HNO3/PE

HNO3/PE

HNO3/PE

HNO^PE

HN03/PE

: Analytical
•-^.MetKod^V.:'

EPA 41 8.1

EPA 220.1/200.7

EPA 289.1/200.7

EPA 213.1/200.7

EPA 239.2/200.7

EPA 245.2

EPA 236.1/200.7

EPA 206.3

EPA 249.1/200.7

EPA 21 8. 1/200.7

•:-:.̂ ;;:.- .:; :::. ;v '[fiiBid.Paia^ters^.^VsC.jV: -'.: '•..

:;\Param.";---

Flow

pH

EC

DO

Temp.

•i ,';;;: • 1::
: : ':i :- •• Method:- ; ::3-' ;;' :- 4- '• '•

Pygmy current meter/ Baski

Field pH meter

Field EC meter

Field D.O. meter

Field meter

10
I
10

EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers are described in 'Analytical Procedures
for Determination of Asbestos Fibers in Water" (EPA-600/4-83-043).
Samples were acidified to a value less 2.0. The TPH sample was collected in a 1 L glass bottle; metals were collected in 500 ml
polyethylene (PE) bottles.



3.0 PRESENTATION OF DATA

Results of the November 13-15, 1991 sampling campaign are summarized in tabular
form as follows:

• Table 3.1 is a summary of field parameters including pH, electric conductivity (EC),
temperature and flow. Dissolved oxygen monitoring was also planned. However, the
meter failed in the field.

• Table 3.2 is a summary of metal analyses including selected heavy metals and major
cations.

• Table 3.3 is a summary of miscellaneous analyses for various anions, petroleum
hydrocarbons, hardness, etc.

• Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, is included in Appendix A and B, respectively.
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Table 3.1. Field data summary.

l||jfi;;NO;||

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-9

SW-10

SW-116

PW-1

PW-2

•illlll̂
Upper Rainy Creek above diversion dam

Fleetwood Creek above coarse tails

Upper Carney Creek at Zook's Dump

Lower Carney Creek above Rainy Creek

Tailings dam toe drains

Tailings pond surface water

Lower Rainy Creek leaving mine property

Lower Rainy Creek above Kootenai River

Kootenai River above Rainy Creek

Kootenai River below Rainy Creek

Rainy Creek flow into tailings pond

Pore water from tailings

Groundwater near SW-11

ItllpHlil

7.44

7.56

7.37

8.35

6.78

7.98

8.03

8.15

llJllliili
|;(r|im!iiip /̂cmj;|

0.27

0.37

0.86

0.69

0.75

0.26

0.66

0.70

llltlMPJl

3.4

5.9

7.5

4.3

9.1

3.0

4.4

6.5

liilbw-l
iMff

0.351

0.192

<.012

0.242

1.221

0.00

1.101

2.031

illilit
it<pM.Sy:

Not Sampled4

Not Sampled4

7.36

7.26

8.16

0.38

1.25

.58

4.4

7.5

4.5

0.332

NA

NA

CO
I

10

Flow measurement was made with a Pygmy current meter.
Flow measurement was made with a Baski cutthroat flume.
The dissolved oxygen meter failed.
Samples of the Kootenai River were not taken as discussed in the Water Quality Monitoring Plan.
The Water Quality Monitoring Plan did not include this site. Rainy Creek reestablishes itself between the diversion dam and the tailings
impoundment.



Table 3.2. Laboratory data summary for metals.

: ::-%lfE-.^
NO.

SW-1

SW-2

SW-3 .

SW-4

SW-5

SW-6

SW-7

SW-0

SW-8

SW-9

SW-10

SW-11

PW-1

PW-2

;:DESqRIPTiQNf

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Blind Control
(Replicate of SW-7)

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

Pore water from
tailings

Groundwater near
SW-11

'^tol':
: . : (mg/0 • • : .

< 0.001

< 0.001

< 0.001

0.001

0.005

<0.001

0.003

0.004

0.003

£-c«r;:
;i.(mg/0. :

=; 0.001

=: 0.001

c 0.001

c 0.001

c 0.001.

< 0.001

< 0.001

< 0.001

=: 0.001

:-.::Cf*V
;;(mg/l):\

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

"Vcu ••:;..;
.{mg/0 :

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

•t=Fe:;-
:(mg/p..

<0.03

<0.03

0.29

0.05

0.07

0.09

0.18

0.16

0.17

Pb
. (rrig/l):

<0.01

cO.01

<0.01

<0.01

<0.01

<0.01

cO.01

<0.01

cO.01

••:-:.Hg:/:
:.; (nig/I)...;.

<0.001

< 0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

-:'.N!.::::-
.Vimg/l).. ;

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

'^•zri.y
:•.. (mg/lj "

0.02

0.05

0.01

0.02

0.16

<0.01

<0.01

<0.01

<0.01

;V-Ki"
. (mg/l)

3

9

18

11

10

2

9

10

10

i-.'-Nax
(mg/l) .

3

4

8

9

6

1

6

6

6

•:,:da-:.;';
. (nig/o. :

68

88

118

98

92

14

90

91

91

• r ' .Mg- i
.•(mg/l);--

11

16

34

9

25

4

24

24

22

Not Sampled

Not Sampled

0.001

0.004

< 0.001

<0.001

cO.001

<0.001

<0.02

<0.02

<0.02

<0.01

<0.01

<0.01

<0.03

1.72

<0.03

<0.01

cO.01

cO.01

<0.001

<0.001

<0.001

<0.03

<0.03

<0.03

<0.01

<0.01

<0.01

5

19

5

3

13

5

70

175

65

11

64

13

CO
I

CO



Table 33. Laboratory data summary for miscellaneous constituents.

PsitEV:-4
<&$&•;&:

SW-1

SW-2

SW-3 .

SW-4

SW-5

SW-6

SW-7

SW-0

SW-8

SW-9

SW-10

SW-11

PW-1

PW-2

':gf:.:;pESqRipiptif:i'

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Blind Control
(Replicate of SW-7)

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

Pore water from
tailings

Groundwater near
SW-11

:-:O/V:' + 2:'-:-; ;OO4- •:••••; .v

>.'(̂ 8/i)i:f}
4

15

13

21

9

6

11

11

11

-:.y>iCr':t
f(rhg/f)-;:>

<1

5

2

2

8.

1

10

10

10

•¥.CP3~1'-

.̂ mg/0'3

0

0

0

6

0

0

0

0

0

HCb3;l ;
-:':::/:';(mg/Oj;.;.

249

320

531

428

390

52

378

381

367

fffls:i
;:>

 :(fn9 î::y:
:;

203

312

496

400

364

52

350

353

348

.:y::TSS?;-
•:::i:'(m#ij"::^

1

3

8

<1

<1

2

2

4

6

4Hardne$sr
;.-;i::: :-.jî 9/̂ |:;|:i •

216

283

434

363

332

54

322

325

318

AilUijinltjf;'
;yM(rn#ij;;-p

204

262

435

361

319

43

310

313

301

StipJ'!
:Efmg/|)j!-;.

<0.05

<0.05

0.44

0.25

<0.05

0.06

0.05

0.05

0.06

'•£$%
-V:("J9/|).-

0.25

0.32

0.25

0.28

3.1

0.28

2.3

2.4

1.6

•(TPH^
;?(mg/l) ::

<0.1

<0.1

<0.1

<0.1

<0.1

0.3

<0.1

<0.1

<0.1

Not Sampled

Not Sampled

5

1

9

<1

18

2

0

0

0

269

911

243

223

822

252

<1

NA

NA

220

699

216

220

747

199

<0.05

1.40

2.65

0.15

3.5

0.44

<0.1

NA

NA

CO



Table 3.4. Laboratory data summary for asbestiform fibers.

I^'SITE;''"
;:;;;Np;-.;-.:'

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-0

SW-8

SW-9

SW-10

SW-11

•î pESCHJPTlbiN ;̂

•;r-;.:::i
:;:,..|:,;L.}̂ , ;::••;:' :.v: :.;:.•:;.• :-x

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Blind Control
(Replicate of SW-7)

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

EMS Laboratories
Blank

DETECTION
i LIMIT

•;:.i::(MFL)r:;!::;"

0.07

0.07

0.2

0.07

0.3

0.6

1.5

2.1

1.9

NFIBERSy
<2.5jim
•̂<MFi);:;.:-:

<0.07

2.0

5.4

1.8

0.6

9.0

62

66

73

: : FIBERS ;:
2.5 r 9.9prri

•:::£;(MFi3::V;-::

<0.07

1.4

8.4

2.1

0.6

16.4

56

75

83

! FIBERS
:>lOjt/m:
:-(MFL)

<0.07

0.5

1.8

0.1

0.3

1.7

12

19

17

FIBER;
,;MASSL
::;•:.: Ot/g/|) :•:::

BDL

24

42

6.4

8.8

52

140

250

240

Not Sampled

Not Sampled

0.07

0.04

<0.07

<0.04

<0.07

<0.04

<0.07

<0.04

BDL

BDL
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4.0 DATA ANALYSIS

The important findings of this testing are summarized as follows:

Upper Rainy Creek (Sites SW-1 and SW-11) was found to be free of asbestiform
fibers. Metal levels were all below detection limits with the exception of zinc which
was .05 mg/1.

Fleetwood Creek (SW-2) and Lower Carney Creek (SW-4) showed asbestiform fiber
counts of about 4 million fibers per liter (MFL). Upper Carney Creek (SW-3), which
originates as a trickle from a waste dump, contained 15.6 MFL. Otherwise, water
quality was similar to that in Upper Rainy Creek with the exception of slightly
elevated iron levels (.29 and .05 mg/1) in Carney Creek. The elevated iron may be
attributed in part to higher sediment loading in these samples.

• Samples of the tailings impoundment toe drains (SW-5) indicated that ASjJ^and Zn
were_eleyated__above_ ambient levels at 0.005, 0.07 and 0.16 mg/1 respectively.
Fluoride, which is present because of the use of HF as a flotation reagent, was 3.1
mg/1. This is about an order of magnitude higher than natural streams in the area.
The toe drains contained only 1.5 MFL of asbestiform fibers ostensibly due to
effective filtration in the dam foundation materials.

• Surface water from the tailings impoundment (there was no outfall at the time of
sampling) had the lowest TDS values of any samples collected. This sample (SW-6)
was collected from under an ice layer. As such, it may have been a product of
purification by successive freezing and thawing or simply diluted by natural
precipitation. This was the only sample to show any indication of petroleum
hydrocarbons with a concentration of 0.3 mg/1, just above the detection limit. This
sample did contain elevated levels of asbestiform fibers at 26.1 MFL.

• Samples from the two sites on Lower Rainy Creek (SW-7 and SW-8), below the
tailings impoundment, show_ the impact of fluoride, arsenic and iron from the toe
drains_and^ Carney Creek but zinc is not detected at these sites. Asbestiform fibers
from these sites were much higher than any other sampling locations, 130 and 173
MFL, respectively. The asbestiform^ fiber cpj^a^rnmaiipji__certainly-...mu.st_be.
characterized as a npitpoint :. source imp.act_based on this finding. As shown in Figure
4.1, over 95" percent of the asbestiform fibers entering the Kootenai River originate
below Carney Creek. It is probable that much of the high tremolite fiber content is
derived from the early years of operation before the existence of the tailings
impoundment. Tremolite is believed to have formed through hydrothermal alteration
of pyroxenite during the last stage of geologic development when quartz and calcite

4 - 1



UPPER
. SW-1

FLOW (da)
IDS <ko/dav)
F« (ka/dav)
As fico/dav)
Zn (ka/dav)
SO 4 (ka/dav)
F- (kg/day)
FibanUo/dav)

0.35
174

<0.03
<.0008

0.017
3.4

0.21
<0.4

RAIN
CREE

RAINY CREEK
DIVERSION

TD3 (ka/dav)
Fe (ka/dav)

sw-a
FLOW (cfs)

As (ko/dav)
Zn (kg/day)
SO 4 (ko/dav)
F" (ka/dav)
Fibers (g/dav)

SW-11
FLOW (cfs)
IDS (ka/dav)
Fe (ka/dav)
A* (ka/dav)
Zn (ka/dav)
SO 4 (kg/dav)
F- (kg/day)
Fiber* (n/dav)

0.33
160

<0.03
<.0008
<0.008

4.0
0.12
<0.4

FLEETWOOD CREEK

SW-2
FLOW (ofs)
IDS (ka/dav)
Fe (kg/day)
As (kq/dav)
Zn (ka/dav)
SO 4 (ka/dav)
F"(kq/day)
Fibers (a/dav)

0.19
145

<0.02
<.0005

0.02
7.0

0.15
11

SW-7
FLOW (cfs)
IDS (ka/dav)
Fe (ka/day)
A* (ka/dav)
Zn (ka/day)
SO 4 (kq/dav)
F- (kg/day)
:lbera (g/dav)

1.10
941

0.43
0.008

0.03
29.8
0.19
376

DRAIN FLOW
SW-5

FLOW (cfs)
IDS (ka/dav)
Fa (kg/day)
A8 (ka/dav)
Zn (ka/day)
SO 4 (ka/dav)
F- (kg/day)
Fibers (o/dav)

1.22
1000
0.21
.015
0.48
28.8
9.25
20.3

RECLAIM
WATER

CARNEY CREEK

LOWER
RAINY
CREEK

:\ /
^ /

/
ifr

SW-4

IDS (kg/day)
Fe (kq/dav)
As (ka/dav)
Zn (ko/dav)
SO 4 (ka/dav)
F- (kg/day)
Fibere (a/dav)

sw.a
ELOW (efs)
TD3 (ka/dav)
Fe (ka/day)
As (ka/dav)
Zn (ka/day)
SO 4 (ka/dav)
F' (kg/day)
:lbers (o/dav)

235
0.03

0.0008
0.012

12.3
0.10
3.8

2.03
1727
0.84

0.015
<0.05

54.0
7.94
1191

KOOTENAI RIVER

SW-3
FLOW (cfs)
IDS (kg/day)
Fe (ka/dav)
Aa (kg/day)
Zn (ka/dav)
SO 4 (ka/dav)
F- (kg/day)
Fibere (a/dav)

<0.01
12

0.007
:. 00003
1.00025

0.3
0.000

1.0

Figure 4.1 Schematic flow diagram of the Rainy Creek drainage with mass flow
measurements for selected components.
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veins intruded the Rainy Creek Complex (Boettcher, 1966). Figure 4.2 shows that
Fleetwood Creek appears to have exposed the pyroxenite through erosion.
Consequently, alluvial deposits in Lower Rainy Creek probably also contain tremolite
fibers of natural origin. The relative^ cpjtribjj^oji j^f_tr^
historic mining sources cannot be determined.

• The flow at site SW-7 was only 1.10 cfs. This is less than the total flows from the toe
drains, Carney Creek and the diverted Upper Rainy Creek (a total of 1.81 cfs). This
site is in a relatively flat portion of the Rainy Creek Drainage below the water
storage pond. It is probable that soils in this area are gravelly and that the pond acts
to divert a portion of the surface flow back to groundwater flow thereby reducing the
flow measured at SW-7. Most of this flow appears to be recovered as surface flow
by the time Rainy Creek reaches SW-8. Most drainages contain both surface flow
and an associated subsurface flow. Gaining or losing stretches where groundwater
may emerge as surface flow or surface flow may infiltrate to groundwater are normal,
particularly in small streams.

• Fluoride analyses appear to be a good indicator of the combined surface and
subsurface flow, below the tailings dam. An estimate of total system flow can be
calculated for sites SW-7 and SW-8 based on fluoride analyses making the following
assumptions:

1) there is no attenuation of fluoride in the streambed,

2) there are no other water inputs containing high fluoride other than the toe
drain flow, and

3) all additional groundwater and surface recharge to Rainy Creek is at the 0.3
mg/1 F concentration .typical of the area.

Using these assumptions, the calculated system flows at SW-7 and SW-8 are 1.71 and
2.28 cfs, respectively.

• The water balance around the tailings impoundment suggests that additional
groundwater is being released from the toe drains as a result of natural seepage in
this area (this was their intended purpose) and/or pore water draining from the
tailings material as a result of the recent efforts to lower the water level in the
tailings pond. Measured inputs to the impoundment are 0.52 cfs but toe drain flow
is 1.22 cfs.

• Pore water samples showed some differences in Ca/Mg ratios between the local
groundwater and stream flows (typically about 6:1) and water in the tailings
impoundment (measured at 2.73:1). The toe drain Ca/Mg ratio was intermediate
compared to these. Based on these ratios an estimated 60 to 70 percent of toe drain
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AM 1-6

Biotite and "vermiculite" pyroxenite

Mine waste and mill tailings

Nepheline syenite

Magnetite pyroxenite

Fenite

Syenite

Belt Series

Figure 4.2 Surface geology map of the Rainy Creek Complex. Erosion of the pyroxenite
formation in the Fleetwood Creek drainage may be a natural source of
tremolite fibers in Lower Rainy Creek.
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flows originate in or pass through the tailings materials. This analysis is confirmed
by the elevated fluoride levels in the toe drains.

There is evidence of very low levels of nitrate input to Carney Creek probably from
the waste rock dumps which could have residual nitrate as the result of blasting. The
nitrate is also evident in Lower Rainy Creek; however, it is just above detection
limits.

There is a general trend toward an increase in hardness and alkalinity as one moves
down the Rainy Creek drainage. Mine wastes probably contribute to this as
evidenced by samples from Upper Carney Creek (SW-3) and the tailings pore water
sample (PW-1) both of which are generated by direct contact of water with mine
wastes.

Table 4.1 compares measured values with applicable drinking water standards. The
only issues of concern appear to be asbestiform fibers and fluoride which are
marginally higher than drinking water standards for some samples. There is no
current drinking water standard for nickel. The EPA Gold Book Update No. 1
(USEPA, 1987) lists a human health criterion for nickel of 0.1 mg/1.

The Gold Book (USEPA, 1986) also lists an increased risk level of 10'6 for asbestos
at a concentration of 30,000 fibers per liter without specific reference to size or
aspect ratios and without judgement on what constitutes acceptable risk. The
drinking water standard for asbestos which takes effect in July, 1992 presumably
reflects the current thinking on asbestos-related health risks in public water supplies.
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Table 4.1 A comparison of measured water quality data with drinking water standards.

; Constituent
• • •:.'-..'.'. . •••'•:..V. .'.• ':••••' ".' ••

..'.-.'. . ' :'•• v. .- ••".-•!•":'•'••

As

Cd

Cr

Cu

Fe

Pb

Hg

Ni

Zn

Asbestos

SO/2

cr

NO3"

F-

PH

IDS

\.:;\'-v;:-Measured;::.:.:: :•••''
••Concentration

^^(mg/ifr:V:^-

< 0.001 to 0.005

<.001

<.002

<.01

<0.03 to 0.29

<.01

<.001

<.03

<0.01 to 0.1 6

< 0.07 to 19.0

4 to 21

<1 to 10

<0.05 to 0.44

0.25 to 3.1

6.78 to 8.35

52 to 496

Location, of Sample with
: • Maximum Concentration

SW-5

All

All

All

SW-3

All

All

All

SW-5

SW-8

SW-4

SW-8

SW-3

SW-5

SW-S(min); SW-S(max)

SW-3

/Primary Drinking :
Water Standard

;/•':; :/;/;(mgCV^::.
0.05

0.0051

0.1 '

0.05

0.005

5.0

7.01'2

10.0

Secondary Drinking
; :

: - Water Standard:;
;H-:VVv:(mg/^V:::^-

1.0

0.3

250

250

2.0

6.5 to 8.5

500

1 These standards are added or revised effective July 1992.
2 Fiber counts are based on fibers greater than 10 microns in length with an aspect ratio greater

than 3:1.
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APPENDIX B

EMS LABORATORIES DATA REPORTS



INtSBY
LABORATORIES

; ; RFC" ~i TVT 1 ?
ENERGY LABORATORIES, INC. .'" "••—'••-'•—' L
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 « PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

91-45313
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-0

Sampled 11/14/91 @ 0930
Submitted 11/20/91

Constituent ma/1 (ppm)

Potassium 10
Sodium 6
Calcium 91
Magnesium 24
Sulfate 11
Chloride 10
Carbonate 0
Bicarbonate 381
Total Dissolved Solids @ 180°C. 353
Total Suspended Solids 4
Total Hardness as CaC03 325
Total Alkalinity as CaC03 313
Nitrate plus Nitrite as N 0.05
Fluoride 2.4
Total Acidity as CaCO3 N/A
Total Pet'roleum Hydrocarbons" <0.1

Total Recoverable Metals:

Arsenic 0.004
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.16
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc <0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

91-45314
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby. MT
SW-1

Sampled 11/13/91 @ 1350
Submitted 11/20/91

Constituent mg/l (pom)

Potassium 3
Sodium 3
Calcium 68
Magnesium 11
Sulfate 4
Chloride < 1
Carbonate 0
Bicarbonate 249
Total Dissolved Solids @ 180°C 203
Total Suspended Solids 1
Total Hardness as CaC03 216
Total Alkalinity as CaC03 204
Nitrate plus Nitrite as N <0.05
Fluoride 0.25
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons * <0.1

Total Recoverable Metals:

Arsenic < 0.001
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron <0.03
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.02

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABOR ATOMES,

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS. MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

91-45315
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-2

Sampled 11/14/91 @ 1450
Submitted 11/20/91

Constituent mq/l (pom)

Potassium 9
Sodium . 4
Calcium 88
Magnesium 16
Sulfate 15
Chloride 5
Carbonate 0
Bicarbonate 320
Total Dissolved Solids @ 180°C 312
Total Suspended Solids 3
Total Hardness as CaC03 283
Total Alkalinity as CaC03 262
Nitrate plus Nitrite as N <0.05
Fluoride 0.32
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals:

Arsenic <0.001
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron <0.03
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.05

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



£NfR8Y ENERGY LABORATORIES, INC.
Pl°' BOX 3°916 * 110? SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45316
ADDRESS: P.O. Box 6186 DATE: 12/11/91 crp

Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-3

Sampled 11/14/91 @ 1400
Submitted 11/20/91

Constituent mg/l (ppm)

Potassium 18
Sodium 8
Calcium 118
Magnesium 34
Sulfate 13
Chloride 2
Carbonate 0
Bicarbonate 531
Total Dissolved Solids @ 180°C 496
Total Suspended Solids 8
Total Hardness as CaC03 434
Total Alkalinity as CaC03 435
Nitrate plus Nitrite as N 0.44
Fluoride 0.25
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals:

Arsenic <0.001
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.29
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc 0.01

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer.& Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

91-45317
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-4

Sampled 11/14/91 @ 1145
Submitted 11/20/91

Constituent mg/l (ppm)

Potassium 11
Sodium 9
Calcium 98
Magnesium 29
Sulfate 21
Chloride 2
Carbonate 6
Bicarbonate 428
Total Dissolved Solids @ 180°C 400
Total Suspended Solids < 1
Total Hardness as CaC03 364
Total Alkalinity as CaC03 361
Nitrate plus Nitrite as N 0.25
Fluoride 0.28
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals:

Arsenic 0.001
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.05
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc 0.02

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



iMEUSY
LABOR ATOM£5,

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.
DATE:

91-45318
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-5

Sampled 11/14/91 @ 1600
Submitted 11/20/91

Constituent mq/l (ppm)

Potassium 10
Sodium 6
Calcium 92
Magnesium 25
Sulfate 9
Chloride 8
Carbonate 0
Bicarbonate 390
Total Dissolved Solids @ 180°C 364
Total Suspended Solids < 1
Total Hardness as CaC03 332
Total Alkalinity as CaC03 319
Nitrate plus Nitrite as N <0.05
Fluoride 3.1
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals:

Arsenic 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.07
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc 0.16

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



SNfROY ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:
REVISED:

91-45319
12/09/91 crp
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-6, Tailing Imp.,

Sampled 11/14/91 @ 1700
Submitted 11/20/91

Constituent mg/l (ppm)

Potassium 2
Sodium 1
Calcium 14
Magnesium 4
Sulfate 6
Chloride 1
Carbonate 0
Bicarbonate 52
Total Dissolved Solids @ 180°C 52
Total Suspended Solids 2
Total Hardness as CaC03 54
Total Alkalinity as CaCO3 43
Nitrate plus Nitrite as N 0.06
Fluoride 0.28
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* 0.3

Total Recoverable Metals:

Arsenic < 0.001
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.09
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc <0.01

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:
REVISED:

91-45320
12/09/91 crp
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-7

Sampled 11/14/91 @ 1015
Submitted 11/20/91

Constituent mq/l (ppm)

Potassium 9
Sodium 6
Calcium 90
Magnesium 24
Sulfate 11
Chloride 10
Carbonate 0
Bicarbonate 378
Total Dissolved Solids @ 180°C 350
Total Suspended Solids 2
Total Hardness as CaC03 322
Total Alkalinity as CaC03 310
Nitrate plus Nitrite as N 0.05
Fluoride 2.3
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons" <0.1

Total Recoverable Metals:

Arsenic 0.003
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron 0.18
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc <0.01

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489
DNE (406)252-6325
) • 1-800-735-4489

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:
REVISED:

91-45320 dup
12/09/91 crp
12/11/91 crp

45321
D9/91 crp
11/91 crp

QUALITY ASSURANCE - DUPLICATE ANALYSIS

W.R. Grace Mine, Libby, MT
SW-7

Sampled 11/14/91 @ 1015
Submitted 11/20/91

Constituent mo/l (ppm)

Potassium 11
Sodium 7
Calcium 91
Magnesium 23
Sulfatt! 10
Chloride 10
Carbonate , 0
Bicarbonate 376
Total Dissolved Solids @ 180°C 351
Total Suspended Solids 2
Total Hardness as CaC03 322
Total Alkalinity as CaC03 308
Nitrate plus Nitrite as N 0.05
Fluoride 2.4
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* N/A

Total Ftecoverable Metals:

Arsenic 0.003
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.18
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc 0.01

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIfS

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:
REVISED:

91-45321
1 2/09/91 crp
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-8

Sampled 11/14/91 @ 0815
Submitted 11/20/91

Constituent mq/l (ppm)

Potassium .................................. 10
Sodium .................................... 6
Calcium .................................... 91
Magnesium ................................. 22
Sulfate .................................... 11
Chloride ................................... 10
Carbonate .................................. 0
Bicarbonate ...... ........................... 367
Total Dissolved Solids @ 180°C ................... 348
Total Suspended Solids ......................... 6
Total Hardness as CaC03 ........................ 318
Total Alkalinity as CaC03 ........................ 301
Nitrate plus Nitrite as N ......................... 0.06
Fluoride .................................... 1.6
Total Acidity as CaC03 ......................... N/A
Total Petroleum Hydrocarbons* ................... <0.1

Total Recoverable Metals:

Arsenic .................................... 0.003
Cadmium ................................... < 0.001
Chromium .................................. <0.02
Copper .................................... <0.01
Iron ...................................... 0.17
Lead ...................................... <0.01
Mercury ................................... < 0.0001
Nickel ..................................... <0.03
Zinc . . . . ........... ... ............... ............. <0.01

Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman. MT 59715

LAB NO.:
DATE:
REVISED:

91-45321 spi
12/09/91 crp
12/11/91 crp

QUALITY ASSURANCE - SPIKED ANALYSIS

W.R. Grace Mine, Libby, MT
SW-8

Sampled 11/14/91 @ 0815
Submitted 11/20/91

Constituent % Recovery

Potassium 90
Sodium 96
Calcium 95
Magnesium 97
Sulfate 98
Chloride 97
Carbonate N/A
Bicarbonate N/A
Total Dissolved Solids @ 180°C N/A
Total Suspended Solids N/A
Total Hardness as CaC03 N/A
Total Alkalinity as CaC03 N/A
Nitrate plus Nitrite as N 98
Fluoride 94
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons" N/A

Total Recoverable Metals:

Arsenic 85
Cadmium 97
Chromium 90
Copper 96
Iron 91
Lead 95
Mercury . 99
Nickel 91
Zinc 93

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY LABORATORIES, INC.
LABORATORIES / p-°- BOX 30916 •1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-5325

FAX (406)252-6069 • 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45322
ADDRESS: P.O. Box 6186 DATE: 12/09/91 crp

Bozeman, MT 59715 REVISED: 12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-11

Sampled 11/14/91 @ 1515
Submitted 11/20/91

Constituent mg/l (ppm)

Potassium 5
Sodium 3
Calcium 70
Magnesium 11
Sulfate 5
Chloride < 1
Carbonate 0
Bicarbonate 269
Total Dissolved Solids @ 180°C 223
Total Suspended Solids <1
Total Hardness as CaC03 220
Total Alkalinity as CaC03 220
Nitrate plus Nitrite as N <0.05
Fluoride 0.15
Total Acidity as CaC03 N/A
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals:

Arsenic 0.001
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron <0.03
Lead <0.01
Mercury < 0.0001
Nickel <0.03
Zinc <0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 • 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:
REVISED:

91-45323
12/09/91 crp
12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
PW-1

Sampled 11/15/91 @ 0800
Submitted 11/20/91

Constituent mg/l (ppm)

Potassium 19
Sodium 13
Calcium 175
Magnesium 64
Sulfate 1
Chloride 18
Carbonate 0
Bicarbonate 911
Total Dissolved Solids @ 180°C 822
Total Hardness as CaC03 699
Total Alkalinity as CaC03 747
Nitrate plus Nitrite as N 1.40
Fluoride 3.5
Total Acidity as CaC03 N/A

Total Recoverable Metals:

Arsenic 0.004
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 1.72
Lead . <0.01
Mercury <0.0001
Nickel <0.03
Zinc <0.01

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY • BILLINGS, MT 59107-0916 • PHONE (406)252-6325

FAX (406)252-6069 . 1-800-735-4489

TO:
ADDRESS:

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:
REVISED:

91-45324
12/09/91 crp
12/11/91

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
PW-2

Sampled 11/15/91 @ 0815
Submitted 11/20/91

Constituent mo./l (ppm)

Potassium 5
Sodium 5
Calcium 65
Magnesium 13
Sulfate 9
Chloride 2
Carbonate 0
Bicarbonate 243
Total Dissolved Solids @ 180°C 252
Total Hardness as CaC03 216
Total Alkalinity as CaC03 199
Nitrate plus Nitrite as N 2.65
Fluoride 0.44
Total Acidity as CaC03 N/A

Total Recoverable Metals:

Arsenic < 0.001
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron <0.03
Lead <0.01
Mercury <0.0001
Nickel <0.03
Zinc <0.01

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



, RECEIVED »«\i 3 0 1992

January 27, 1992

Thomas Hudson
Schafer & Associates
P. O. Box 6186
Bozeman, MT59715

SUBJECT: Correction, Report No. 22965

Dear Mr. Hudson:

Enclosed is a corrected report and analysis of Sample SW-0-4.

During sample preparation, several dilutions of each sample are made and evidently the
box containing this particular sample was mislabelled. When we looked at the filter it was
obviously heavily loaded with particulates which the paper work indicated to the contrary.

We went back to the original water sample and reprepared it from scratch.

We apologize for the error.

Sincerely yours,

EMS LABORATORIES, INC.

B. M. Kolk
Laboratory Director

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



DATE: January 27, 1992

CLIENT: Schafer & Associates
P.O. Box 6186
Bozeman,MT59715

ATTENTION: Thomas Hudson

REFERENCE: Letter dated November 19, 1991

REPORT NO: 22965 - Correction

SUBJECT: ANALYSIS OF WATER SAMPLES BY TRANSMISSION
ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and Technology
through NVLAP (Laboratory No. 1218)'

Ten surface water samples were submitted for TEM analysis of asbestos structures. The
samples came from the W. R. Grace mine near Libby, Montana.

The water samples were analyzed according to the U.S. EPA method EPA-600/4-83-043.

The asbestiform which was present in the water samples was from the tremolite/actinolite
group of amphiboles; the asbestos fibers often contained sodium.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MFL)

Sample No. <2.5jim 2.5 to 9.9|am >10 \im D.L.

SW-1-4
SW-2-4
SW-3-4 .
SW-4-4
SW-5-4
SW-6-4
SW-7-4
SW-8-4
SW-0-4
SW-11-4
EMS Blank

DL = Detection limit ,-•.. C/C.V.;,.
MFL = Millions of fibers per liter ,. D "'
BDL = Below detection limit «y*' Al:!:;~ : .'.:'::•

V Asbc.;.", C,.::: i
Respectfully submitted, . .-..•-.';•.::.:

EMS LABORATORIES, INC.

BDL
2.0
5.4
1.8
0.6
9.0

62
73
66
BDL
BDL

BDL
1.4
8.4
2.1
0.6

16.4
56
83
75
BDL
BDL

BDL
0.5
1.8
0.1
0.3
1.7

12
17
19
BDL
BDL

0.07
0.07
0.2
0.07
0.3
0.6
1.5
1.9
2.1
0.07
0.04

•o » • • •

B. M. Kolk
Laboratory Director

This report, from a NIST accredited laboratory through NVLAP, must not be used^by the client to claim product
endorsement by NVLAP or any agency of the Government.

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800



DATE: January 14, 1992

CLIENT: Schafer & Associates
P.O. Box 6186
Bozeman, MT59715

ATTENTION: Thomas Hudson

REFERENCE: Letter dated November 19, 1991

REPORT NO: 22965

SUBJECT: ANALYSIS OF WATER SAMPLES BY TRANSMISSION
ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and Technology
through NVLAP (Laboratory No. 1218)"

Ten surface water samples were submitted for TEM analysis of asbestos structures. The
samples came from the W. R. Grace mine near Libby, Montana.

The water samples were analyzed according to the U.S. EPA method EPA-600/4-83-043.

The asbestiform which was present in the water samples was from the tremolite/actinolite
group of amphiboles; the asbestos fibers often contained sodium.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MFL)

Sample No. <2.5jim 2.5 to 9.9pm >10 urn D.L.

SW-1-4 BDL BDL BDL 0.07
SW-2-4 2.0 1.4 0.5 0.07
SW-3-4 5.4 8.4 1.8 0.2
SW-4-4 1.8 2.1 0.1 0.07
SW-5-4 0.6 0.6 0.3 0.3
SW-6-4 9.0 16.4 1.7 0.6
SW-7-4 62 56 12 1.5
SW-8-4 73 83 17 1.9
SW-0-4 0.3 0.6 0.6 0.3
SW-11-4 BDL BDL BDL 0.07
EMS Blank BDL BDL BDL 0.04

DL = Detection limit
MFL = Millions of fibers per liter
BDL = Below detection limit

Respectfully submitted,

EMS LABORATORIES, INC.

B. M. Kolk
Laboratory Director

This report, from a NIST accredited laboratory through NVLAP, must not be used by the client to claim product
endorsement by NVLAP or any agency of the Government.

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-0-4

Date 1 /23/92

Total Asbestos Fibers 160 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 160 MFL

> 5 Micron length (chrysotile) . *BDL MFL
> 5 Micron length (amphibole) 49 MFL

Mass (Chrysotile) *BDL \ig/L
Mass (amphibole) 250 ng/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 130 to 200 MFL

Detection Limit 2J MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49

0 5 9

Particle Width -
O - .04 .05 - .09 .1 - .14

0 5 7

Aspect Ratio
0 - 9.9 10 - 19.9 20 - 29.9

19 27 17

1.50 - 1.99 2.00 - 2.49

8 9

Microns
.15 - .19 .2 - .24

19 12

L/W
30 - 39.9 40 - 49.9

6 3

2.5 & UP

44

.25 & UP

32

50 & UP

3

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



I liM ASBKViUS AIS ALYMS f^r^E.,^,
5 Lab No—^^_*_QZ MCEDKSQ

MCN/960LJJ

Sample No. <?*/ - & - L/ MCE^oF
' ' iGlf O t t

PORESKE

0.45 i

-••*.»%***«_ v/« c

^IIWIIl 600AQ

LENGTHS

~AIISbet(EPA)

(|im):20.S
METHOD OF ANALYSIS

EPA Yamale Level I

Level II

L~"»U 2,00Q

AHERALJ pcMR^Q

n *pA29 !•••
fUlwItASPECT RATIO 3:1 CO' 5:1

Approved By - DMC

Grid opening

TYPEOFSAMPI.E

Air]~) Waier

SoilC3 Wipe

BulkQ OiherCD

Duu/Microvac L,

G.O. Area (mm2) 0.0 j

No. of GO. «o Analyze.

. Fillet Lot No

DIRECT PREPC23

INDIRECr i'HI-PI I

GRID

D

Volume

Working Volume

Weight

Ashed Area _

liters

ml

grams

Grid Aoilrrx.% t_

Screen MagniHcalion

Camera Constant

HUIIEJI3

IIOI25F.Q

Accelerating Voltage 100 HY

Beam Current

rG

Str f Str
Jimenslpns (mm)

Width Length

Amlyg jp- UX.: ..

Fiber Classification

NAM TM CM CD CD CMQ OX) IF AD AX ADX AO ADO AZQ AZZ
EDS Analysis

Ma_SI

in.
10

Ca Fe Id

7-
Comments

f- V C?

£
U£L

n

It
E:

/f?

r /T /^^ . 0 r

CO i
^2JL •-re K

^
OBSERVATIONS

Debris: M

Gypsum: O

Olher I.

_
Vw, Light G

Voy Light G

Light

Light G

Moderate

Modermie G

Iteavy LJ

Heavy G

Voy Heavy L

Vety Heavy [ J



MS Lab ^o *7

' No._2_

-
Modcrale D

MoJctalc Q

Ikavy Q

llcavy Q

Ve*y llcavy Q

Vcty Heavy Q



££-Jan-199£ 17:40:£1
Execat ion time = 6 seconds
£2965,SW-04, 1A, 01, FM
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

O. 51

1. 74

3. 69

5O7. 0 K ,
V L

0 K , V

£14. Mg K , Mg K , Mg K

647. Si K , Si K

115. Ca K , Ca K

Preset= Off
Elapsed=

V L

38 sees

Quantex>
0. 160 Range= 10.£30 keV

££-Jan-199£ 17:4£:55
Execution time = 6 seconds
££965,SW-04, 1A,0£,FM
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

0.51 1439. K 0 K

1O. dJiO
Integral O - 5948

Preset= Off
Elapsed= £8 sees

1. 00 116.

1.

1.

3.

3.

£5

73

3£

68

894.

£65£.

147.

323.

Na K , Na K , Zn L , Zn L
Zn L

Mg K , Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

Quantex) 198. Fe K , Fe K
O. 16O Range= 1O.£3O keV

Zn L

10.
Integral 0 =

£30
13036



22-Jan-1992 17:45:26
Execution time = & seconds
22965,3W-04,1ft,03,FM
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

O. 51 1533. K 0 K V L

Preset= Off
Elapsed= 31 sec?

1.

1.

1.

3.

3.

nt

01

25

73

32

68

ex>

237.

959.

3139.

130.

278.

511.

Na
Zn

Mg

Si

K

Ca

Fe

K
L

K

K

K

K

K

Na K Zn L Zn L Zn L

K , Mg K , Mg K

, Si K

, K K

, Ca K

, Fe K
0.160 Range= 10.230 keV

22-Jan-1992 17:49:57
Execution time = 6 seconds
22965,SW-04,IP,06,FM
Vert = 20O counts Disp= 1

Energy Counts X-Ray Lines

Integral 0 =
10.230

14618

0.51 387.

1.

1.

.3.

6.

25

74

69

4O

234.

673.

72.

112.

0 K ,0 K , V L
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsed= 27 sees

Quantex>
0. 16O Range= 10. 23O keV

Integral O =
1O.230

53S1



££-Jan-199£ 17:59:51
Execution time = 7 seconds
££965,SW-04,1ft,10,FM
Vert= £00 counts Disp= 1

Energy Counts X—Ray Lines

0. 5£ 648. 0 K , 0 K
V L

Preset= Off
E!lapsed:=

L

37 sees

l.£4 57£. Mg K , Mg K

1.. 73 1733. Si K , Si K

3.69 £53. Ca K , Ca K

6.39 S£l. Fe K , Fe K

Quantex>
0. 160 Range= 10.£30 keV

Integral 0 =
10.£3O

9333

££-Jan-199£ 18:06:£4
Execution time = 7 seconds
££965,SW-04, 1ft, 14, FM
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

0. 578. 0 K , O K ,

Preset= OFf
Elapsed=

L , V

sees

1.

1.

3.

6.

£5

74

69

39

366.

948.

135.

ioa.

Mg

Si

Ca

Fe

K

K

K

K

, Mg

, Si

, Ca

, Fe

K ,

K

K

K

Mg K

Quantex>
O. 160 Range= 10.£3O keV

Integral 0 =
.£3O

7118



££-Jan-199£ 18:10:28
Execution time = 7 seconds
££965,SW-04,1ft,17,FM
Vert = 500 counts Disp= 1

Energy Counts X—Ray Lines

K0. 51

1. £5

1. 48

1. 74

3. 68

4.03

6.39

19£8.

1160.

ISO.

3654.

863.

1£0.

339.

O
V

Mg

ftl

Si

Ca

Ca

Fe

K
|_

K

K

K

K

K

K

, Mg K , Mg K

, ftl K

, Si K

, Ca K

, Ca K

, Fe K
Quant ex>

O. 160 Range= 10.£30 keV

Preset= Off
Elapsed=

L

sees

Integral 0 =
1O.£30

17899

££-Jan-199£ 18:13:£7
Execution time = 6 seconds
££965,SW-04, 1ft, 19, FM
Vert = 50O counts Disp= 1

Energy Counts X-Ray Lines

0. 51 1571.

1.

1.

1.

3.

wf .

6.

£4

48

74

3£

69

39

951.

117.

3376.

107.

494.

£90.

O K , 0 K
V L

Mg K , Mg K

ftl K

Si K

K K

Ca K

Fe K

ftl K

Si K

K K

Ca K

Fe K
Quantex>

0.160 Range= 10.£30 keV

L

Preset= Off
Elapsed= 35 sees

Integral O
.£3O
14854



££-Jan-199£ 18:£5:58
Execution time = 9 seconds
££965,SW-04, 1ft,£9,FM
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

0.51 756. Q K , 0 K
V L

1.24 506. Mg K , Mg K

1.74 149£. Si K , Si K

3. £9 1£1. K K , K K

3.69 199. Ca K , Ca K

6. 41 1£3. Fe K . Fe K

L

Preset= Off
Elapsed=

, V L

4£ sees

Quantex)
O. 160 Range= 10.£3O keV

££-Jan-199£ 18:30:1£
Execution time = 6 seconds
££965,SW-04, 1ft,35,FM
Vert = £OO counts Disp= 1

Energy Counts X-Ray Lines

0. 646.

1.

1.

3.

6.

£5

73

69

39

499.

1498.

3O5.

159.

K

Ca K

Fe K

0 K

Integral 0 =
10.£3O

8705

V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K

Fe K

Preset= Off
Elapsed= 41 sees

Quantex>
0. 160 Range= 10.£3O keV

Integral 0 =
10.£30

7644
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£3-Jan-199£ 08:38:19
Execution time = & seconds
££3fc5, 0-4, B, ttOl, RB
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= sees

l.£5

1. 74

3. 34

3. 69

5. 43

6. 41

Quant ex >

707. Mq K ,

£395. Si- K ,

109. K K ,

399. Ca K ,

67. Cr K ,

£57. Fe K ,

0. 16O Range= 10.

Mq K ,

Si K

K K

Ca K

Cr K

Fe K

£30 keV

£3-Jan-193£ 08:40:05
Execut ion
££965, 0-4,
Vert =

Energy

l.£5

1. 74

3. 69

6.41

time = 6 seconds
B, ttOS, RS
500 counts Disp=
Counts X-Ray

417. Mg K ,

ISIS. Si K ,

£3O. Ca K ,

164. Fe K ,

1
Lines

Mg K ,

Si K

Ca K

Fe K

Integral O =
10. £3O

£1787

Preset = CDff
Elapsed= £3 sees

Quantex)
0. 160 Range= 10.£30 keV

Integral O =
10. £3O

179S4



£3-Jan-199£ 08:43:46
Execution time = 6 seconds
££365,0-4,B,#03,RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

1. 73 301. Si K Si K

Preset= Off
Elapsed= 50 sees

Quant ex)
O. 160 Range= 10. £30 keV

Integral 0 =
10.£30

133£9



£3-Jan-199£ 08:59:11
Execution time = 6 seconds
£2965, 0-4, B, #|, RS
Vert = 50O counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= £7 sees

1 . 25

1. 74

3. 33

3. 69

6.39

Quant ex)
0. 160

815.

3161.

11£.

451.

£99.

Mg K ,

Si K ,

K K ,

Ca K ,

Fe K ,

Range= 10.

Mq K ,

Si K

K K

Ca K

Fe K

£30 keV

£3-Jan-199£ 09:03:57
Execution time = 6 seconds
£2965, O-4, B, #8, RS
Vert= £OO counts Disp= 1

Energy Counts X-Ray Lines

1 . £4

1. 43

1.74

3. 33

6. 40

399.

1£S.

1197.

£44.

34£.

Mg K ,

fll K ,

Si K ,

K K ,

Fe K ,

Mg K

Al K

Si K

K K

Fe K

Mq K

10.£3O
Integral 0 = £36O£

Preset= Off
Elapsed= 35 sees

Quantex>
0. 160 Range= 10.£3O keV 10.£3O

Integral 0 = ££1£4



£3-Jan-199£ 09:05:33
Execution time = 6 seconds
£2965,0-4, B, #9, RS
Vert = £'00 counts Disp= 1

Energy Counts X-Ray Lines

l.£6 1£6. Mg K , Mg K , Mg K

1.73 400. Si K , Si K

3.66 119. Ca K , Ca K

Preset= Off
Elapsed= £6 sees

Quantex>
0. 160 Range= 10.£30 keV

£3-Jan-199£ 09:10:54
Execution time = 7 seconds
££965,0-4, B, #11, RS
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

Integral O =
10.£3O

1£7£9

Preset= Off
Elapsed= £4 sees

1. £5

1. 75

3. 70

6. 38

1£7.

439.

70.

8£.

Mg K , Mg K ,

Si K , Si K

Ca K

Fe K

Mg K

Ca K

Fe K

Quantex)
O. 160 Range= 1O.£30 keV

Integral 0 =
.£3O

971O



£3-Jan-199£ 09:26:18
Execution time = 6 seconds
££965,0-4, B, #19, RS Preset= Off
Vert = £00 counts Disp= 1 Elapsed= 16 sees

Energy Counts X-Ray Lines

Mg K , Mg K

Si K

K K

Ca K

Ca K

Fe K

Quantex>
0.160 Range= 10.£30 keV . 10.£3O

Integral O = 14659

•1.

1.

3.

3.

4.

6.

•-i r_-i__ jj

74

30

70

O£

39

767.

£495.

66.

643.

67.

£47.

Mg

Si

K

Ca

Ca

Fe

K

K

K

K

K

K

'

.

,

i

i

,



£3-Jan-199;=: 09:31:48
Execution time = 6 seconds
£2965, 0-4, B, #24, RS Preset= Off
Vert= £00 counts Disp= 1 Elapsed= £4 sees

Enev^gy Counts X-Ray Lines

l.£5 404. Mq K , Mq K , Mg K

1.74 1416. Si K , Si K

3.69 454. Ca K , Ca K

4.06 73. Be K , Sc K

6. 35 7'3. Fe K

Quantex>
0.160 Range= 1O.£30 keV 1O.£3O

Integral 0 = 15640



£3-Jan-1992 03:41:00
Execution time = 7 seconds
££965,0-4,B,#31,RS
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

l.£4 167. Mg K , Mg K

1.73 594. Si K , Si K

3. 70 95. Ca K , Ca K

6.4£ 65. Fe K , Fe K

Preset= Off
Elapsed= sees

Quantex)
0. 160 Range= 10.£30 keV

Integral 0 =
10.£3O

10451
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£3-Jan-199£ 09:15:08
Execution time = 7 seconds
££965,0-4,C,#01,KK
Vert== £OO counts Disp= 1

Energy Counts X-Ray Lines

0. 51 1072. 0 K 0 K

1.

1.

3.

3.

6.

£5

74

3£

70

38

638.

1994.

10£.

£89.

£64.

V

Mg

Si

K

Ca

Fe

L

K

K

K

K

K

, M*

, Si

, K

, Ca

, Fe

K , Mg K

K

K

K

K

Preset= Off
Elapsed=

, v

r:8 sees

Quant ex)
0. 16O Range= 10. £3O keV

Integral O =
10.£30

10477



c:3- J an-199;=: O9 : ti'j : 3U c-i^'Jb^, O -4, C, -lK')d, KK

ENERGY COUNTS X-RWY LINES

0.51 £155. U K f t l , 0 Kfti, V L f t l , V Lrtc:, V LBl , V i_Gi

l .OO iiOS. Na KH1, Na Kttci, Zn Lrtl, ^n L^a, Zn LBl, Zn LGl

:L.£5 1363. Pig KHi, Ng KHci, Mg KB1

.1.47 121. fll Kf i l , fll Kfi2

1.74 4769. Si Kfll, Si Kft£

o. 3£ 146. K Kfll, K Kfi£

3.68 597. Ca KA1, Ca Kft£

4.02 93. Ca KB1, Ca KB3

6.40 705. Fe Kftl, Fe Kft£

/.03 104. Fe KB1, Fe KB3



£3-Jan-1332 03:35:28
Execution time = 7 seconds
££965,0-4,C,#04,KK Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 4£ sees

Energy Counts X-Ray Lines

0.51 53S. O K , O K , V L , V L , V L ,
V L

l.£6 316. Mg K , Mg K , Mg K

1.48 109. ftl K , ftl K

1.74 1044. Si K , Si K

3.69 £00. Ca K , Ca K

6.41 14£. Fe K , Fe K

Quantex>
0.160 Range= 10.£3O keV 10.23O

Integral O = 6353



£3-Jan-1992 09:45:53 £5965, 0-4, C, #06, KK

ENERGY COUNTS X-RftY LINES

0.

1..

1.

1.

3.

3.

4.

6.

51

25

48

74

3£

69

01

40

3231.

£2 1 1 .

££7.

65S£.

104.

1581.

£31.

693.

3231. 0 KOI, 0 Kft£, V Lftl, V Lft£, V LB1, V LG1

Mg Kftl, Mq Kft£, Mg KB1

Al Kftl, fll K0£

Si Kftl, Si Kfi£

K Kftl, K Kfl£

Ca Kfll, Ca Kfl£

Ca KB1, Ca KB3

693. Fe Kftl, Fe Kft£



£3-Jan-199£ 09:51:59
Execution time = 6 seconds
££965,0-4,C,#07,KK
Vert= £OO counts Disp= 1

Energy Counts X-Ray Lines

0. 51 939.

1.25

1.74

3. 69

6. 39

494.

1667.

40O.

£05.

K K , V
V L

Mg K , Mq K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsed= 46 sees

Quantex>
0. ISO 10.£30 keV

Integral 0 =
10.230

8847



23-Jan-1992 09:56:57 22965,0-4, C,#09,KK

ENERGY COUNTS X-RAY LINES

0.51 1741.

l.OS 278.

1.25 951.

:..47 144.

:..73 3501.

3. 32 16O.

3.69 314.

0 K A 1 ,

Na KA1,
Zn LG1

Mg KA1,

Al KA1,

Si KA1,

K K A 1 ,

Ca Kfll,

0 KA£,

Na Kfl2,

Mq Kfl2,

Al KA2

Si KA2

K KA2

Ca KA£

V LAI, V

Na KB1, I

Mg KB1

6.40 645. Fe KA1, Fe KA2
£3- Jan- 1992 10:11:34
Execution time = 6 seconds
22965, 0-4, C,#10,KK
Vert = 20O counts Disp= 1

Energy Counts X-Ray Lines

0. 51

1. 25

1 . 48

1. 74

3. 69

6. 41

859.

537.

88.

1777.

341.

185.

0 K
V L

Mg K

Al K

Si K

Ca K

Fe K

, 0 K ,

, Mg K ,

, Al K

, Si K

, Ca K

, Fe K

Preset= Off
Elapsed= 20 sees

V L ,

Quantex>
0.160 Range= 1O.£30 keV 1O.23O

Integral 0 = 7594



£3-Jan-199£ 10:30:55
Execution time = 7 seconds
£2965,0-4,0, #16, KK
Vert = £OO counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 19 sees

0. 51

l'.£5

1.74

3. 3£

3.69

4.01

6.39
Quantex)

O. 160

1131.

688.

££58.

87.

4£5.

65.

0 K ,
V L

Mg K ,

Si K ,

K K ,

Ca K ,

Ca K ,

£3£. Fe K ,

Range= 10.

O K

Mg K

Si K

K K

Ca K

Ca K

Fe K

£30 k

£3-Jan-199£ 10:34:£1
Execution time = 6 seconds
££965, 0-4, C, ttl1&, KK
Vert= £OO counts Disp= 1

Energy Counts X-Ray Lines

0. 51

1.01

1. £4

1.73

3. 30

3. 68

Quantex)

6O8.

114.

418.

1445.

97.

131.

££3.

0 K ,
V L

Na K ,
Zn L

Mg K ,

Si K ,

K K ,

Ca K ,

Fe K ,

0 K

Na K

Mg K

Si K

K K

Ca K

Fe K

, Mg K

Integral 0 =
10.£30

9668

Preset= Off
Elapsed= 50 sees

Zn L Zn L Zn L

0.160 Range= 1O.£30 keV
Integral 0 =

£3O
7244



£3-Jan-1993 13:01:28
Execution time = 7 seconds
£2965,SW-0-4,C,18,KK Preset= Off
Vert = £00 counts Disp= 1 Elapsed= £0 sec;

Energy Counts X-Ray Lines

0. 5£ 766. O K , O K , V L , V L , V L ,
V L

Mg K1.

1.

3.

6.

£6

74

70

38

4£3.

1414.

185.

£53.

Mg

Si

Ca

Fe

K

K

K

K

, Mg

, Si

, Ca

, Fe

K

K

K

K

Quant ex)
O.ISO Range= 1O.£3O keV 1C.£3O

Integral O = 7615



£3-Jan-199£ 13:11:31
Execution time = 7 seconds
££965,SW-0-4,C,££,KK
Vert= £OO counts Disp= 1

Energy Counts X-Ray Lines

O. 5£ 905. 0 K , 0 K
V L

Preset= Off
Elapsed= £6 sees

L , V L , V L ,

l.£5

1. 74

3. SB

6.38

Quant ex >
0. 160

£3-Jan-199£
Execution t

549.

1750.

343.

184.

Mg K ,

Si K ,

Ca K ,

Fe K ,

Range= 10.

13: 17:
i rne =

££965, SW-0-4, C, £5,
Vert= £

Energy

0. 51

1.01

1. £5

1.73

3.31

3. 63

Quant ex >

4£

Mg K ,

Si K

Ca K

Fe K

£30 keV

6 seconds
KK

OO co unt s D i s p=
Counts

1349.

198.

7O9.

£509.

105.

370.

301.

X-Ray

O K ,
V L

Na K ,
Zn L

Mg K ,

Si K ,

K K ,

Ca K ,

Fe K ,

1
Lines

0 K ,

Na K ,

Mg K ,

Si K

K K

Ca K

Fe K

Mg K

Integral 0 =
10. £3O

8619

Preset= Off
Elapsed= £9 sees

Zn L

Mg K

Zn L Zn L

0. 160 Range= 10.£3O keV
Integral 0 =

10.£30
11556



£3-Jan-199£ 13:£1:41
Execution time = 6 seconds
££965, SW--0-4, C, £^, KK preset= Off
Vert= £OO counts Disp= 1 Elapsed= 4£ sees

Energy Counts X-Ray Lines

0.51 78£. 0 K , 0 K , V L , V L , V L ,
V L

l.£4 5£1. Mg K , Mg K

1.73 1563. Si K , Si K

3.69 356. Ca K , Ca K

6.38 115. Fe K , Fe K

Quantex>
0. 16O Range= 10. £3O keV 1C. £'3O

Integral 0 = 8547



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM • Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CO • Chrysotile SAED pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ • Chrysotile Morphology and composition by
Quantitative EDXA

CDQ • Chrysotile SAEO pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO • Amphibole by random orientation SAEO .^shows layer
pattern of 0.53 nn spacing)

*
AX - Amphibole by qual i ta t ive EDXA. Spectrum has elemental

components consistent with amphibole

AOX - Amphibole by-random.orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by one Zone Axis SAED

AOQ • Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax i s SAED pattern and Quantitat ive
EDXA

AZZ • Amphibole by two Zone Ax i s SAED patterns witn cons is tent
Inter-axial angle

AZZQ - Amphibole by two Zone Ax is SAED pat terns, consistent
inter-oxial angle and Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-0-4

Date 1 /3 /92

Total Asbestos Fibers 1.5 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 1.5 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 1.2 MFL

Mass (Chrysotile) *BDL M9/L
Mass (amphibole) 9

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample LESS

Poisson 95% Confidence Interval 0.5 to 3.5 MFL

Detection Limit 0.3 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

1

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

1 0 1

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

1

EMS LABORATORIES 117 West Bellevue Drive/Pasadena CA 91105-2503 / 818-568-0800



7--Jan-1992 15 : 04 : 48
Execution time = 6 seconds

Vert« £00 counts Disp- .1
Energy Counts X~Ray Lines

1.25

1..74

3.30

3.69

4.02

6.40

7.02

Ouantex>
0. 160

568

2269

54

446

56

293

62

Pig

Si

K

Ca

Ca

Fe

K'ange=

. 7-Jan-1992 15:07:51
Execution time = 7
22965-0-4, rt,H02,Sfl
Vert= 200 counts

Energy Counts

1.25

1.74

3.69

6.39

461

1747

356

207

Pig

Si

Ca

Fe

K ,

K *

K ,

K ,

K ,

K ,

K ,

10.

Pig

Si

K

Ca

Ca

Fe

Fe

230

K ,

K

K

K

K

K

K

keV

seconds

Disp- 1
X-Ray Lines

K ,

K »

K ,

K ,

Pig

Si

Ca

l-e

K ,

K

K

K

Preset- Off
Elapsed= 23 sees

rig K

Integral 0
10.230

13497

Preset* Off
Elapsed= 22 sees

pig K

Wuantex>.
0. 160 Range= 10.230

Integral 0 »
10.E30

9900



iM ASBfcS IDS ANAL*SIS mnHm*m
iMSLabNo. r̂-M & •? MCEmsdl

••*'-5> MCN/960 | | |

MCE/960 I
Other L

Sample No. ^"/r o- i\

[ METHOD OF ANALYSIS
EPA Yuiute Level I CD

Level II CH

LENGTHS
"AHsr«*(EPA) CD TvreojFSAMPI.E PORESI7E

CRID
DIRECT PREP

INDIRECT I'R

Air
Soil
BulkQ

Waicrl2 0.4S|imIZl
f~1 08»™QH Volunxr

Grid Aihlrcn .

IIUI25ED

ASPECT RATIO 3:1 LZ}*! CD

0.0 ID

PCM Range*
O.O. Am (mm*) 0.0 J

No. of G.O. to Analyze.

. Filter Lot No.

.Ipm
2|m

Other

liter* Hi Screen MagnificMian

Working Volume ^^ ml B Cunen Comlml _^

Weight grnns @ Accelerating Voltage __ 100 K\̂

<Q

Ashed Arc*.

[ Prepared By.

Boni Cttiiuil

AnalyM .

Grid opening

/
-5^

^̂f
,- .- ,ST

6
9-

/

'

Sir t

/^5>

(
^~

»#

A/^
A/^>
/Vft

Str
^>

F)
fv̂/

(*
?

^

Dimensions (mm)

Width

W
Q

\^o
/•s"

Length

i / . ̂ ""

^^S?
KiP
2.2_

Fiber Classification

NAM TM

f ,

u -̂

CM CD CD CMO CDD IF AD AX ADX AO

\

ADO

^
\^

AZO
^-

AZZ
EDS Analysis

Na Me, Si Ca Fe Id

vmx.1 Y ' L

—r^-'
Comments

(^-TK A\

Cli.-'ilfi /.

^?\ ^^

\

OBSERVATIONS

Gypsum: [_l

Oiher 1. I

Very Light G

Voy Light D

Light LJ

Lighl G

Moderate
Moderate

Heavy G Veiy Heavy IJ

Heavy G Voy Heavy IJ



MS Lab Mo.

imple No. _ GRID.a HUME

GndAdton.

IKMZSeO

ITO KV

Grid opening

I i
f^-""
y*^)
(, /

/uu^

A * f__LZ^__
v/^n
^

• ••

Str 9

r/^f

Sir

>

K

'
^OK•'i

N-̂ J)
1

1

Dimensions (mm)
Width

*/

/ »0^

X
35

Length

'%

Z.<TO
VY Q

Rb«r Classification
NAM

I//
^/
/

»/

-

'

M
^

3D GO

—

:MOCDO

~

—

IF

i —

AD AX HDX

.

AO ADO A2D

'<*

1 1

.

-^—

K22

.,

EDS Analysis

hb

'

^ si ca ̂

1 lo /

—

d

—f^-'s
Comments

i^/U
^ /J i

•
.

OBSERVATIONS: cie»|J v r-^ "
V- Debris: tU Vay Light Q IJghi D ^ % Mtxkiaie ^3^ Ihavy D Vay Heavy Q '

Gytuum. Q Voy LifcM D Lighl D ; Moderate D Heavy Q Veiy Heavy PI



17-Dec-1991 11:02:51
Execution time = 6 seconds
22965, 04, B, 01, RS
Vert= 200 counts Disp55 1

Energy Counts X-Ray Lines

0.52 379.
O K , O K

p-reset= Off
Elapsed= 20 sees

V U

1.26

1.74

3.69

6.39

265.

892.

74.

76.

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex)
0.160 Range=. 10.230 ke'

17-Dec-1991 11:08:00
Execution time = 5 seconds
22965, 04, B, 02, RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.5S

1.26

1.74

189.

112.

374.

O K
V L

O K

Preset= Off
Elapsed=

Hg K , llg K , Mg K

Si K , Si K

32 sees

Guantex)
0.160 Range 10.230 keV

Integral -8 =
10.230

67



03-Jan-1992 10:09:34 33965, 0, ft, H02), RS

ENERGY COUNTS X-RftY LINES

:,.03 183.

a. 01

£'.59

3.32

3.69

4.01

5.89

6.40

7,. 05

3280

97

319

771

104

145,

6277

793,

Na Kftl, Na Kfl2, Na KB1, Zn Lftl, Zn LA2, Zn LB1,
Zn LG1

P Kftl, P KA2

Cl Kftl, Cl KftS

K KA1, K KftS

Ca Kftl, Ca KA2

Ca KB1, Ca KB3

(In Kfll, Mn Kft2

Fe Kfll, Fe KA2

Fe KB1, Fe KB3



pic - a

Grid ope ritno~ Sir Sir

Dimensions (mm)

Width

1LL

L«ngth

Classification

NAM CM CD CO CM3 COO UF AD AX AOX AO AOQ AZDJAZ2 Comments

FT



18-Dec-1991 09:11:48

2-£.?&•, .su-o-t/, C , & 2.

ENERGY COUNTS X-RflY LINES

0.52 3402. 0 KA1, 0 Kft2, V Lftl, V Lfl2, y LB1, V LG1

1.26 2363. I1g Kfll, fig KA2, Mg KB1

1.49 50. fll Kfll, fll Kfl2

1.74 6845. Si Kftl, Si Kfl2

2.66 60. Cl Kfll, Cl Kfl2

3.70 2039. Ca Kfll, Ca Kfl2

4.03 223. Ca KB1, Ca KB3

ii.41 464. Fe KA1, Fe Kfl2

7.05 71. Fe KB1, Fe KB3



EMS No -
Sample ID
Grid No _
Microscopist

<;

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800



07-Jan-1992 15:10:59 22965-0-4,tt,H03,Stt

ENERGY COUNTS X-RMY LINES

0.54 34. 0 Kfll, 0 KflS, V LAI, CT LAI, V LA2, CT LA2,
V LB1, CT LB1, Y LB3, V LB4, y LG1, CT LG1
CT LL1

0.99 46. Zn Lrtl , Zn Lttc>, Zn LB1

:l.S5 1747. ng Kfl l , dg KflH, Mg KB!

1.74 7791. Si Ktt l , Si Kfl2

c!.59 31. Cl Kf t l , Cl Kflfi

cl.82 69. Ci KB1

3.30 189. K KA1, K Kfl2

3.70 950. Ca Kftl, Ca KA2

4.05 120. Sc Kf l l , Sc Ktt2, Ca KB1, Ca KB3

4.94 40. V Kf l l , V Kfl2

6.40 1312. Fe KA1, Fe Kft2

7,. 05 179. Fe KB1, Fe KB3



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM • Tubular Morphology not suff ic ient ly character ist ic
for c lass i f icat ion as Chrysotile

CM - Characterist ic Chrysot i le Morphology

CD - Chrysotile SAED pattern

CQ - Chrysoti le composit ion by Quant i ta t i ve EDXA

CMQ • Chrysotile Morphology and composition by
Quant i ta t ive EDXA

COQ - Chrysotile SASD pattern and composition by
Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED 'shows layer
pattern of 0 .53 nn spacing)

AX - Amphibole by qual i tat ive EDXA. Spectrum has elemental
components consis tent wi th amphibole

AOX - Amph'.bole by random orientation 5AEO and Qualitative
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax i s SAED pattern and Quanti tat ive
EDXA

AZZ - Amphibole by two Zone Ax is SAED pat terns with cons is tent
inter-axial angle

AZZQ • Amphibole by two Zone A x i s SAED pat terns, cons is ten t
inter-axial ancle and Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-11-4

Date 12/29/91

Total Asbestos Fibers *BDL MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers *BDL MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) *BDL MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole} _ *BDL

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample _ LESS

Poisson 95% Confidence Interval 0_ to 0.3 MFL

Detection Limit 0.07 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

3 EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



MS Lab No
j _A1N AL» I OlO ; piLTCR TYPE/AREA (mm*)

I MCE/385
C'.^i f

Sample No._ /
CR|D

MICROSCOPE

«JOA|V
MOB

• METl*

I '

3 ASPB

• jkppro

Grid

OD OF ANALYSIS
ETA Yunale Level 1 1

Level II 1

Level III

AHERA

rr RATIO 3:lCZ3-

-«•»»•

opening

<->
-?.

¥
{C
-T

<

Str f

/Vi,

/V— f /.

/LT/

fJ*jn
i^y

— 1
__

5:1

LEN

AIISiTcx
(|ur

PCMf
D-«ja»»

*5«(«

rv-

Str

cm is
«EPA) 1 '. t TYP

•)̂ o.s n Ai'
il 0 i i Soil

^5.0 O Bulk

j~nilO.O I |

lange* i I
»»«*. G.O.

"taf** No.«
e . Film

Dimensions (mm)

Width
r$~

(

Length

/2-

r

OBSERVATIONS: cte« LI
Dcbrit: G

Gypsum: G
Other I...

EOFSAMPI.E

L̂J
Dmt/I

Aiea(

ifC.O.
rLolN

Ws
W

Oi

4icnr

mm1!

lo Ai

In

ucrL

*.C
hecC

«[

• 0.0
jalya

PORES

HI 0.8

D ..

CVs*-

KE 1

l«i»L= — 1 ts
Vat £

if
.herLJI

fa I

1 Vc

1 W

• w

r|Pn

INDIRECT PKEPL

ortmg Volume (oO

eight frm

jKdART

Epwcd BV f"r i

PS Grid Aililtcn ( ~~ M
EfS IJ

ml E

"1

I Screen MigniHcalion
I C»mcr» Coreumt

3 Accelerating Votlagc

1 BeamCiurent '

• Analnt _

Rber Classification

NAM

i/
s

\/

TM CM CD CO CMO IX LF AD AX ADX AQ ADO AZO AZZ

/^cO ,
' '^
"T- O ' '"1~

"t'lOOKV

IB

fej^,,.
EDS Analysts

fe Mq Si Ca Fe Id

»»\JHV.\ J

IIUI25ECD

A
Dale J2 -2 •**/-,

Comments

Very Light G Ught G Modeniî J Heavy G Voy Heavy G

VwyLigteG LighiG Modenue U Heavy G Ve»y Heavy G



MS Lab "to..

.imple No. _

Grid openlrxj Width
Dimensions (mm)

Length

Fiber Classification

NAM TM

i?
CD CD CMQ CDQ IF AD AX ADX AO

4^

iOBSERVAtlON
L

oc»LJ
Debris: 0

Gypsum: |J

VeiyLiphlQ

Ve«y Uphill] Ughl Q

MoJcrrtc

Moderate D

D

Ikavy
VoylkavyQ

Very He»vy Q



Debcb: [ ;~ Vay Light D

Gyi»wn:Q

UgU
Lighl D MoJco«c

i . . . ,... .
- * ;. llcavy Q . Voy Iteny

Heavy Q Very Heavy



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not suf f ic ient ly character is t ic
for c l a s s i f i c a t i o n as chrysoti le

CM • Character is t ic Chrysot i le Morphology

CO - Chrysoti le SAED pattern

CQ • Chrysoti le composit ion by Quan t i t a t i ve EDXA

CMQ - Chrysoti le Morphology and composition by
Quant i tat ive EDXA

CDQ - Chrysoti le SA£0 pattern and composit ion by
Quant i tat ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED !shows layer
pattern of 0 .53 nn spac ing)

AX - A/nphibole by qual i ta t ive EDXA. Spectrum has elemental
components cons is tent with amphibole

ADX - Amphibole by random orientation SAED and Qual i ta t ive
EDXA

AQ • Amphibole by Quant ; ta t ive EDXA

AZ - Amphibole by one Zone Axis SAEO

ADQ - Amphibole by random orientation SAED and Quant i ta t ive
EDXA

AZQ - Amphibole by one Zone Ax i s SAED pattern and Quant i tat ive
EDXA

AZZ - Amphibole by two Zone Ax is SAED pat terns with cons is ten t
Inter-axial angle

AZZQ - Amphibole by two Zone Ax i s SAED pat terns, cons is tent
inter-axial ancle and Quant i tat ive EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EiMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-1-4

Date Analyzed 1 1 / 2 8 / 9 1

Fibers (chrysotile) BDL* MFL

Fibers > 5 urn in length (chrysotile) BDL* MFL

Fibers > 10 urn in length (chrysotile) BDL* MFL

Mass (chrysotile) 0 ug/L

More/Less than 5 Fibers
in Sample (chrysotile) LESS

Poisson 95% Confidence Interval 0_to 0.3 MFL

Detection Limit 0.07 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Chrysotile )

Particle Length - Microns

0 -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 Q Q . 0 0 0 0 0

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

Q Q 0 0 0 0 0 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

0 0 0 0 0 0 0 0

LJ/X\0 EMS LABORATORIES 117 West Bellevue Drive/Pasadena CA 91105-2503 / 818-568-0800



•*»1N /\L« 1 iilO FILTER TYPE/AREA (mm*)

J_
-

Sample No.. C, u/ - / - H

METHOD OF ANALYSIS
1 - 1

EPA Yanuie Level 1 1 _ 1

Levelll CD

Level III Lj

AHERAQ

ASPECT RATIO 3:1 LT} 5:1 D

LENGTHS

All SOTS I EPA)

(pm)̂ 0.5

TYPEOFSAMPI.E

Water £Z

MCE/385 J

MCN/9601 jj

MCE/960 [

Other [

PORE SITE

O.4$ (mil

0.8um[

DIRECT PRF.P

INDIRECT PULP

2100 Q

Bulk) j

Dusl/Microvac

G.O. Area (mm2) 0.0.

Volume lilcn

Oiher LJ

Working Volume )O<7 ml

Weight

GRID

Grid AiMrmf

Screen Magnification l£j

Camera Constant

600 A J

600BI

HUIIECH

HU125EO

^

AjfcedAre*

Accelerating Voltage 100 KV

Beam Current /ft jn

Approved By - —

GrkJ opening

1
2.
î
LI
<T*

&
•^L-

<

sir f
N-ifl
r"J^rt
/VJ'i)

rJfp
rV^n
^j5>n
rJ&

Sir

Due -^ FilterLolNo. •• •• Analv<t f^^CL/ ^_^J J ,

Dimensions (mm)
Width Length

Fiber Classification
NAM TM CM CD OQ CMQ Jtl LF

t
1

AD AX ADX AQ ADO AZQ

t

AZ2
EDS Analysis >

Nb Mq Si Ca R. Id

^ Date /' SS

Comments

OBSERVATIONS: clean LI
Debris: LJ

Gypsum: LJ

Other 1.1

G

Very Light

Ligh.l|)
Light LJ

Moderate I
Moderue

Heavy LJ

Heavy D

Very Heavy LJ

Very Heavy IJ

~*~* t t ~V \\t . .1-* It.



•MS Lab ^o

imple No.

CDQ IF AD AX ADX AQ ADO AZQ AZZ

llcavy D

Heavy Q

Very Heavy

VCTY Heavy P|



THM ASBhSTuS ANALYSIS
EMS Lab Nn

Sample No. __ GRID

Grid Address .

Screen Magnification .̂ ^̂ Q Ĵ. x

Camera Coaslanl ''jL-ffit f̂

Accelerating Voltage^. 10QKV.. .
Beam Current I LS pa

Grid opening

/
2-
•̂ 2,

fl

^
j&

* '̂

'

OBSE

Str #
/A/SV
/\y^/
'^\/</
yfc
/v
A

Ai?

/f7

RVAT

Str
)
)

7
}
')
V

Dimensions (mm)

Width Length

ONS: Clean 1

Fiber Classification

NAM

-

TM CM CD CD CMQ ITU IF AD AX ADX AQ ADQ AZO AZZ
EDS Analysis

Na Mq Si Ca Fe Id Comments

1

V j

Debris:

Gypsum:

Other

Very Light LI

Very Light LI Light L.

Moderate

Moderate

Heavy I . I

Heavy I.. I

Very Heavy

Very Heavy



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not suf f ic ient ly character is t ic
for c l a s s i f i c a t i o n as chrysot i le

CM • Characterist ic Chrysot i le Morphology

CO • Chrysotile SAED pattern

CQ • Chrysotile composition by Quant i ta t ive EOXA

CMQ • Chrysoti le Morphology and composit ion by
Quant i tat ive EOXA

COQ - Chrysotile SAED pattern and composi t ion by
Quantitative EOXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientat ion SAED !shows layer
pattern of 0 .53 nn spac ing)

AX - A/nphibole by qua l i t a t i ve EDXA. Spectrum has elemental
components consistent with amphibole

AOX • Amphibole by .random orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by Quant i ta t ive EDXA

AZ - Amphibole by one Zone Ax is SAED

AOQ • Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Ax is SAED pat terns with consistent
•inter-axial angle

AZZQ • Amphibole by two Zone Ax i s SAED pat terns , cons is tent
in ter -sx ia l angle and Quan t i t a t i ve EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-2-4

Date 11 /26/91

Total Asbestos Fibers 4 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 4 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 0.9 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 24 _ pg/L

More/Less than 5 Chrysotile
Fibers in Sample _ LESS _
More/Less than 5 Amphibole
Fibers in Sample _ MORE _

Poisson 95% Confidence Interval 3_ to 5.2 MFL

Detection Limit 0.07 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
0 -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 1 11 6 10 26

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 0 8 . 9 10 27

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

23 15

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



ASBfcM OS AIN AL* MS
IMS Lab No

Sample No..

]• METHOD OF ANALYSIS

™ EPA Yamale Level I

Level II CD

Level III LJ

AHERAQ

ASPECT RATIO 3:lG3'5:l

LENGTHS

~AII Sizes (EPA) CD

(|Bn):20.S

FILTER TYPE/AREA (mm

MCE/385]
MCN/960J 11

MCE/96013 I

Oiherl

GRID

>5.0C1

210.0 f i

PCM Range* f~l

TYPEOFSAMPI.E

AirQ WalcrjZl
Soil[~]

Bulk! 1_ OlherQ

Duo/Microvac LJ

PORE SITE

0.45 |inil

O.8 \m[

G.O. Arc. (mm7) O O flg*

OlherD
H • W"*1*

DIRECT PREPl

INDIRECT I'KKfl

Volume _ liters

ume |n/7 ml

grams

Ashed Area %

Screen M»gmfication

Cimen Consranl

Accetenuing Vollage . X 100 Ky

BcamCunenl / ^

No. of G.O. to Analyze

[iroved By Hale . Filler Lot No

Grid opening

/*"/)\jy

/̂ O

(if)-̂̂
_r^

//C" )vj^ •

X~^x

6 /
^ — '

Str f
/

•3-

3
U

s
z,
*̂

<^
tfo
ff
/^
fif

t Cn

4**

r^
'7
4,0
foA
2^

"̂irt

Sir
Dimensions (mm)

Width

^4-0
|̂-;>
l_

£J

&
^_

/'-^
'S)

<??
2_
'̂ L.
2__

2>
l^~

IT)

rc"
*T

( (D
g
9
*&-

'L-
/

Length

34O

-2,̂

f O

"? "̂

/ 2 < r '
/Yf>
72-

6 ̂75*7
faf(
*4*z~~

_2^r^
2-f^"

f~ ^

q ?,

93^
^ -̂̂
_2-2"

.j3-f

Z -̂2^
/v-

Xo •1 Picpared By T L2> •

1 An, ff /^///^ /?/_/, r,,e /^2K

Fiber Classification

NAM

\s

^
I/
„/

</

/

•S

/
V

TM

/

^

-̂ -

CM CD ODlCMQ CTJQ LF AD AX ADX'AQ

,

f

.

v^

^
k'

-/
^

•
y

v''

v/

0
• /̂
v-x

ADO

•^
^

•^

v/

AZQ AZZ
EDS Analysis /

to MS
4
^
3

^

-̂
/
3

r\

/"2

6'

^
,3

.^
2_
2.

SI

10
[(•">

/^'
/r)

/r/
'0
/o
/o
/o

/f>

/ v

/c
/c/

Ca
tz^

T2-

^
-̂

^
/

^

3

/

0?

2_

.?

.'^

/

«i

Fe

1
/

/

1

"^
3
/

0

(

I

1
o
.z.
6

/d Comments

' ' 'p 7raM£-(;"^._

' ,.

-#:. ?c--?c7 +-f->Mui*

-fr .3 r-rdl'

/l'foi^/i to.^c/ti ;.̂ .̂ .̂
^. -^rgt h\>,.,-l,*:

'ft ^ C-c>-o

. _.„,* At/.?c:C>b
//

f^fff t/'/it •

-f-Si-ncL-K' •

("a^.d^ cUl-̂

. Ai;^ 4 j^,

OBSERVATIONS: Ckan LI
Debris: G

Gypsum: G

Other LI

Very Light G

Veiy Light G

Light G

UghiG

Modenie

Moderate

Heavy G Very Heavy U

Heavy G Very Heavy



MS Lab Mo

:imp1e No.

MtCROSCOTE

GRID

.a
43 «a IHII25EQ

Scicat Mxpufica

100 KV

Analjrsl

Sir a Sir

Dimensions (mn>)

Width Lenqtfi

Rb«r Classificalion

CM ) CDQ IF AD AX AZZ
EDS Analysis

Si Ca Fe Id

0

2-5

15B5BSOTT t5R 1_L 1_JLJ 1 I I J J
>: TJ

DcbrisrO

Gvosonu II

VoyUfhtQ

PI

D

Ijeltt I"!

. , • . . . • - •
Modeta»c Q

fl l~l
Very Hcary

\t - u -



26-Nov-1991 11:02:30
Execution time - 8 seconds
22956-2,ft,HO1,RS
Vert= 1000 counts Disp- 1

Energy Counts X--Ray Lines

Preset^ Off
E-:ic\psed = 24 sees

0.52 1199. 0 K 0 K
V L

1.25 931. Mt| K , Mt| K , M

1.74 2599. Si K , Si K

3.32 9fl. K K , K K

3.69 702. Ca K , Ca K

4.0.1 81. Ca K , Ca K

6.39 260. Fe K , Fe K
Guantex)

0.120 Range* 10.530 keV

26-Nov-1991 11:08:20
Execution time = 7 seconds
22956-2, A, H02,RS
Vert= 200 counts Disp^ 1

Energy Counts X-Ray Lines

0.32 302. 0 K , 0 K , V
V L

1.

1.

3.

4.

6.

26

75

69

03

38

198.

608.

40S.

67.

67.

Mg K.

Si K

Ca K

Ca K

Fe K

» Mci

, Si

, Ca

, Ca

, Fe

K , M

K

K

K

K

fig K

Integral 0
10.230

20379

Preset^ Off
f-:.lapsed = 24 sees

Quantex)
0. 120 10.230

Integral 0 =
10.230

7249



26--Nov-1991 11:11:39
Execution time => 6 seconds
22956~2,fl,tt04,RS
Vert- 200 counts Disp- .1

Enp»rgy Counts X-Ray Lines

Preset-- Off
Elapsed* 24 sees

0.31

1.25

1.74

3.70

6.43

500.

291.

876.

243.

101.

0 K ,
V L

fig K ,

Si K ,

Ca K ,

Fe K ,

Quantex)
0.120 Range= 10

0 K , V

Mg K i M

Si K

Ca K

Fe K

.230 key

26-NOV-1991 11:13:24
Execution time = 6 seconds
22956-2, P,H05,RS
Vert8" 200 counts Disp- 1

Energy Counts X~Ray Lines

0.52

1.S5

1.73

3.69

6.42

75fl.

579.

1413.

436.

132.

0 K ,
V L

fig K ,

Si K ,

Ca K ,

Fe K ,

0 K , V

fig K , Mi

Si K

Ca K

Fe K

Pit) K

Integral 0
10.230

5383

Preset- Off
Elapsed"5 20 sees

Guantex)
0. 1£0 Range* 10.S30 keV

Integral 0 ~
10.230

7430



26-Nov-1991 11:14:45
Execution time - 5 seconds
22956-2,ft,H06,RS
Vert88 200 counts Disp- 1

Energy Counts X-Ray Lines

0.49

1.74

103.

210.

0
V
V

K
L
L

Si K

,0 K
, Ti L

Si

, Ti L
, V L

Preset88 Off
EElapsed88 32 sees

, V L
, Ti L

, Ti L
, V L

Quantex>
0. 120 Range- 10.230 KeV

2&-Nov-1991 11:17:18
Execution time - 6 seconds
22956-2,A,«Ofl,RS
Vert53 200 counts Disp- 1

Energy Counts X-Ray Lines

0.52 174. 0 K , fJ K
V L

1.73 415. Si K , Si K

6.38 103. Fe K , Fe K

10.230
Integral 0 == 3024

Preset" Off
Ei'lapsed= • 35 sees

L , V L , V L ,



Quantex >
0. ISO Range- 10.230 keV

26-Nov-1991 11:19:17
Execution time = 7 seconds
22956-2,ft,»09,RS
Vert* £00 counts Disp= .1

Energy Counts X-Ray Lines

0.

1.

1.

6.

51

24

74

39

158.

85.

876.

69.

0

fit)

Si

F:e

K
L

K

K

K

, o

1 M?l

, Si

, Fe

K

K

K

K

Integral 0 :=
10.230

3843

Preset"' Off
33 sees

L , V L , V L ,

Quantex>
0. 120 Range= 10.530 keV

Integral 0
10.^30

3589



26-Noyrl9'31. 11:83:36Execution time ~ # seconds

££9S6~£,A,«10,RS Preset* Off
Vert- £00 counts Disp-- 1 Eiilapsed^ 35 sees

Energy Counts X-Ray Lines

0.5S 140. OK , 0 K , V L , V L , V L ,
V L

Si K

K

1.

1.

£.

3.

6.

£5

74

6£

66

40

£5.

£'97.

£4.

£4.

05.

tig

Si

Cl

Ca

Fre

K

K

K

K

K

i

i

i

i

i

Quantex>P
0.120 Range- 10.£30 keV 10.£30

Integral 0 = 7138



26--NQV-1991 11:36:15
Execution time = 6 seconds
a2956--2,ft,Hl:l,RS F>reset= .Off
Vert~ 200 counts Disp™ 1 Elapsed- 24 sees

Energy Counts X-Ray Lines

o.se 343. O K , O K , V L , V L , V L ,
v L

1.26 195. Mg K , IIg K , Ng K

.1.73 717. Si K , Si K

3.69 80. Ca K , Ca K

6.40 74. Fe K , Fe K

Quantex)
0.ISO Range" 10.230 keV lO

Integral 0 = 3876



26-Nov-1991 11:32:18
Execution time = 6 seconds
22356--2, A,H12,Ri3
Vert- 200 counts Disp=« :l

Energy Counts X-Ray Lines

0.52 103. 0 K , 0 K , V I.
V I.

Preset* Off
Elapsed*5 23 sees

, V L , V L ,

1.74 156. Si K , Si K

Quantex)
0. 120 Fi!ange= 10.230 keV

Integral 0
10.230

2052



26-Nov-l'391 11:29:26
Execution time = 7 second?;
£2956-2,ft,H13,RS Preset= Off

-' 200 counts Disp- .1 E-:iapsed = 51 sees
Energy Counts X--Ray Lines

0.51 £14. 0 K , 0 K , V L , V 1. , V L ,
V L

1.25 209. rig K , Mc| K , Mg K

1.74 443. Si K , Si K

3.67 131. Ca K , Ca K

Quantex)
0.120 Range* 10.230 keV 10.230

Integral 0 = 5121



26-NOV-1991 11:30:50
Execution time = 7 seconds
22'35&™S,fl,H14,RS Preset* Off
Vert88 200 counts Disp85 1 Ei.'lapsed= 31 sees

Energy Counts X-Ray Lines

0.51 568. 0 K , 0 K , V L , V 1. , V L ,

, ng K1.

1.

3.

6.

23

74

66

3 '9

3'Jic>.

1321.

188.

134.

V

MB

Si

Ca

Fe

L

K

K

K

K

, Mg K

, Si K

, Ca K

, Fe K

Quantex) , ̂
0.120 Ranqe= 10.230 keV lO

Integral 0 - 6153



26-NOV-1991 11:38:25
Execution time = 8 seconds
22956-2,fl,HI5,RS
Vert" £00 counts Disp~ 1

Energy Counts X-Ray Lines

0.51 650. OK , 0 K ,
Y L

1.25

1. 74

3.69

6.38

530. Mg K ,

1492. 53 i K ,

398. Ca K ,

IciO. Fe K ,

Quart tex>
0.120 Range* 10

Mc| K ,

Si K

Ca K

Fe K

.230 key

26-Nov-199i 11:43:30
Execution time » 7 seconds
22956-2, fl,t»18,RS
Vert~ EOO counts Disp= 1

Energy Counts X-Ray Lines

0.52

1.25

1.74

3.70

6.39

608. OK ,
V L

492. Mg K ,

1417. Si'K ,

262. Ca K ,

116. Fe K ,

0 K ,

Net K ,

Si K

Ca K

Fe K

Preset* Off
Elapsed= 37 sees

K

Integral 0
10.230

'3350

Preset" Off
Elapsed~ 25 sees

y L ,

Clg K

Quantex)
•0.120 Range= 10.230 key

Integral 0 =
10.230

7187



26~Nov-1991 11:47:25
Execution time - 6 seconds
22956-2,ft,«19,RS
Vert = 200 counts Disp™ 1

Energy Counts X-F\'ay Lines

1.74 187. Si K Si K

Preset" Off
Elapsed55 34 sees

Quantex)
0.120 Range- 10.230 keV

2&-Nov-1991 11:40:45
Execution time = 5 seconds
22956-2,fi,«20,RS
Vert- 200 counts Disp-- 1

Energy Counts X~Ray Lines

0.

1.

1.

3.

6.

51

25

73

69

38

45&.

320.

943.

253.

SO.

0
V

Pit)

Si

Ca

Fe

K
L

K

K

K

K

, o

•> Mci

, Si

, Ca

, Fe

K

K

K

K

K

Integral 0 =
10.230

23&0

Preset- Off

Mg K

21 sees

Guantex >
0. 120 Range- 10.230 keV

Integral 0 »
10.230

5410



26-N6V--1991 12:04:28
Execution time = 5 seconds
22956-2,fl,H21,RS
Vert'* 200 counts Disp== :l

Energy Counts X--Ray Lines

0.50

1.E4

1.73

3. 6 '9

103.

202.

57.

OK , 0 K ,
V I.

Pig K , Mg K

Si K , Si K

Ca K Ca K

Preset* Off
Elapsed" 21 sees

Quantex >
0.120 Range= 10.230 keV

26-Nov-1991 12:05:48
Execution time = 6 seconds
22956-2,ft,H22,RS
yert» 200 counts Disp= 1

Energy Counts X-Ray Lines

0.

1.

1.

3.

&.

32

25

74

67

36

315.

93.

524.

54.

92.

0
V

PI 3

Si

Ca

Fe

K
L

K

K

K

K

, C)

, rig

, Si

, Ca

, Fe

K

K

K

K

K

10.230
Integral 0 " 2225

Preset" Off
Elapsed™ 19 sees

L , V L , V L

Quantex)
0. 120 Range= 10.230

Integra]. 0
10.230

3275



2&-Nov-1991 IS:00:13
Execution time = 6 seconds
22956-2,ft,H23,RS Preset- Off
Vert10 £00 counts Disp=: .1 Elapsed8* 39 sees

Energy Counts X-Ray Lines

0.51 366. 0 K ,, 0 K , V L , V L , V L ,
V L

1.25 163. Mg K ,, Mg K , Me) K

1.74 717. Si K , Si K

6.39 133. F-e K , F"e K

Quantex)
0.120 F<ange= 10.230 keV 10.230

Integral 0 = 5398



26~Nov-1991 11:52:00
Execution time " 3 seconds
22956-2,A,H2S,RS Preset" Off
Vert53 200 counts Disp~ 1 Elapsed" 22 sees

Energx Counts X-Ray Lines

0.152 291. 0 K , 0 K , V L , V L , V L ,
V L

rig K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

h"e K , Fc-> K

1.26

1.73

3.70

6.38

220.

677.

148.

77.

Quantex)
0.120 Range- 10.230 keV 10.230

Integral 0 = 3707



*•
MS Lab M<

;imple No.

Arccfemm Votoce . IOWKV

Grid opening
Dimensions (mm)

Width Length

is:
Fiber Classification

NAMTM CD CMD CDQI UF AD AX ADX AO ADD A2Q A2Z

i&ti

MO

3,

^

OBSEKVATlONST Oc»LI

DchrfeD

Gypsum: L I
VdyUghlO

Veiyl-ighlD

1 Jghl D

Uglu Q

i MoJciale

' Moderate

" , Ifcavy D - Voy llcavy Q

Heavy Q Vcty Heavy Q



26-Nov-1991 09:28:14
Execution time = 6 seconds
aoa KIi! _o n MAtP CIO
CC7OD C t | l ? f f T V JO. O M

200 counts Disp= 1
Energy Counts X-Ray Lines

0.52 630 0 K , 0 K ,

Preset= off
Elapsed^ S3 sees

1.25

1.73

3.69

6.40

398.

1363.

148.

212.

fig K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex)
0. ISO Range= 10.230 keV

Integral 0 •-
10.230

7919

£6-Nov-1991 09:33:03
Execution time = 6 seconds
22956-2,B,tt03,Sft
Yert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0 K0.52

1.25

1.74

3.68

6.40

897.

680.

1905.

586.

196.

0

V

Mg

Si

Ca

Fe

K
L

K

K

K

K

Si K

Mg K

Preset** Off
Elapsed= 43 sees



26-Nov-1991 09:44:10
Execution time = 6 seconds
22956-2,B,tt04,SB p.reset= Off
Vert= 200 counts Disp= 1 Elapsed^ 30 sees

Energy Counts X-Ray Lines

0.52 854. O K , O K , V L , V L , V L ,

Mg K , llg K1.25

1.74

3.70

6.40

455.

1642.

168.

380.

y

11 g

Si

Ca

Fe

L

K

K

K

K

Quantex>
0.120 Range= 10.230 keV 10.230

Integral 0 = 8758
26-Nov-1991 09:47:21
Execution time = 7 seconds
22956-2, B,«05,Sft p-reset= Off
Vert= 200 counts Disp= 1 Elapsed- 52 sees

Energy Counts X-Ray Lines

0.

1.

1.

1.

6.

7.

52

02

25

74

39

06

1873.

265.

861.

4131.

1120.

153.

0

Na
Zn

llg

Si

Fe

Fe

K
L

K
L

K

K

K

K

, 0

, Na
, Zn

, Mg

, Si

, Fe

, Fe

K

K
L

K

K

K

K

Na K , Zn L , Zn L

Mg K

Quantex> t

0.120 Range= 10.230 keV 10.230
Integral 0 = 29124



26-Nov-1991 09:53:21
Execution time = 5 seconds
22956-2,B,HOG,Sfl p-reset= Off
Vert= £00 counts Disp= 1 Elapsed= 73 sees

Energy Counts X-Ray Lines

0.51 506. O K , O K , V L , V L , V L ,
V L

1.85 337. Mg K , Mg K , fig K

1.74 958. Si K , Si K

3.68 231. Ca K , Ca K



26-Nov-1991 10:08:33
Execution time = 7 seconds
22956-£,E<,«07,Sfl
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52 996. OK , 0 K ,
V L

Preset= Off
Elapsed= 85 sees

1.25

1.74

3.69

6.39

517.

1739.

306.

177.

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex >
0.120 Range= 10.230 keV . 10.230

Integral 0 = 23833
26-Nov-1991 10:15:31
Execution time = 6 seconds
22956-2, B,H08,Sft Preset= Off
VeTt= 200 counts Disp= 1 Elapsed= 55 sec

Energy Counts X-Ray Lines

0.52

1.25

1.74

3.69

6.39

1874.

1196.

3801.

700.

471.

O K , O K , U L , V L , V L ,
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex)
0.120 Range= 10.230 keV

Integral 0 =
10.230

22646



26-NOV-1991 10:82:51
Execution time = 6 seconds
22956-2,B,tt09,Sft
Vert= SOO counts Disp= 1

Energy Counts X-Ray Lines

0.51 1663.

1.25

1.74

3.69

6.40

992.

3094.

608.

312.

0 K , 0 K , V L
V L

fig K , hg K , tig K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset" Off
Elapsed= 54 sees

L , V L ,

Guantex >
0. 1EO Range* 10,230 keV

26-Nov-1991 10:39:15
Execution time " 7 seconds
22956-2, B,*»IJL,SA
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52 690.

1.24

1.73

3.70

425.

1294.

322.

0 K , 0 K
V L

Hg K , Ng K

Si K , Si K

Ca K , Ca K

10.230
Integral 0 = 15139

Preset" Off
Elapsed= 77 sees

L , V L , V L ,

Ouantex>
0. 120 Range" 10.230 keV

Integral 0
10.230

15709



26-Nov-1991 10:42:10
Execution time = 7 seconds
22956-2,B,ttlJ, Sft
Vert= 206 counts Disp= 1

Energy Counts X-Ray Lines

0.51 737.

Preset* Off
Elapsed*

1.25

1.74

3.69

407.

1346.

445.

0 K , 0 K , V L
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

72 sees

Quantex)
0. 1EO Range* 10.E30 keV

e6-Nov-l'391 10:44:59
Execution time = & seconds
22956-2,B,Hl|^SA
Vert* SOO counts Disp= 1

Energy Counts X-Ray Lines

0.51 1161.

Integral 0
10.230

10992

1.25

1.74

3.69

6.39

643.

2461.

403.

266.

0 K , 0 K , V L
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset* Off
Elapsed= 54 sees

Quantex>
0. 120 Range* 10.230 keV

Integral 0 =
10.230

13135



26-Nov-1991 10:47:32
Execution time = 6 seconds
22956-2, B, Hid,, Sft Presets off
Verts goo counts Disp= 1 Elapsed= 51 sees

Energy Counts X-Ray Lines

, V L , V L , V L ,

, Mg K

0.51

1.25

1.73

3.69

6.39

1342.

973.

2813.

728.

162.

0 K ,
V L

Mg K ,

Si K ,

Ca K ,

Fe K ,

Quantex >
0.120 Ranges 10

0 K

Mg K

Si K

Ca K

Fe K

.230 k

26-Nov-1991 10:49:50
Execution time = 8 seconds
22956-2, B,»16,Sft
Verts 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52

1.25

1.74

3.69

4.03

6.40

1109.

680.

2221.

520.

64.

245.

0 K ,
V L

Mg K ,

Si K ,

Ca K ,

Ca K ,

Fe K ,

0 K

Mg K

Si K

Ca K

Ca K

Fe K

10.230
Integral 0 = 15097

Presets off
Elapsed= 36 sees

Quantex)
0.120 Range= 10.230 keV 10.230

Integral 0 = 17467
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26-NOV-1991 15:00:34
Execution time = 6 seconds
22965, SW2--4,1-C,01,FH
Vert= 200 counts Disp= 1

Energy Counts X~Rax Lines

0.

1.

1.

3.

6.

51

25

74

69

41

1465.

1069.

2863.

844.

228.

0
V

llg

Si

Ca

Fe

K
L

K

K

K

K

, 0

» fig

, Si

, Ca

, Fe

K

K

K

K

K

Preset88 Off
Elapsed=

Mg K

35 sees

Quantex)
0.120 Range' 10.230 keV

2&-Nov-1991 15:14:39
Execution time = 0 seconds
22965,SU2-4,1C,02,FH
Vert= 200 counts Disp= 1

7.08 68. Fe K , Fe K

Integral 0 =
10.230

15616

Preset88 Off
Elapsed= 25 sees

Quantex)ID/PR
No modifiers.

Quantex)
0.120 Range= 10.230 keV

Integral 0 =
10.230

23405



26-Nov-1991 15:15:34 22965,SW2-4,1C,02,FM

ENERGY COUNTS X-RflY LINES

0.51

1.25

1.73

3.30

3.69

4.03

fc.39

v.08

2635. 0 Kfll, 0 KA2, V Lfll,

1822. Mg Kfll, Mt| Kfl2, Mg KB1

5407. Si KA1, Si Kfl2

187. K Kfll, K Kft2

1026. Ca KA1, Ca Kfl2

133. Ca KB1, Ca KB3

513. Fe Kfll, Fe Kfl2

68. Fe KB1, Fe KB3

26-Nov-1991 15:21:25
Execution time = 6 seconds
22965, SW2-4, 1C, 03, FI1
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51 1451. O K , 0
V L

1.25 1012. Mg K , Mg

1.73 2948. Si K , Si

3.69 1092. Ca K , Ca

4.02 146. Ca K , Ca

6.44 99. Fe K

K

K

K

K

K

Preset= Off
Elapsed= 31 sees

Guantex)
0. 120 Range= 10.230 keV

Integral 0 =
10.230

14769



26-Nov-1991 15:34:48
Execution time = 6 seconds
22965,SU2-4,1C,05,FM
Vert= 200 counts Disp= 1

Energy Counts X-Rax Lines

0.51 1430. 0 K , 0 K ,
V L

1.24

1.74

3.69

6.40

Quantex)

886.

2560.

622.

235.

fig K ,

Si K ,

Ca K ,

Fe K ,

0.120 Range= 10

26-Nov-1991 15:42
Execution time -

:03

fig K

Si K

Ca K

Fe K

.230 keV

6 seconds
22965, SW2-4, 1C, 0^, FM
Vert= 200 counts Disp

Energy Counts X-Ray

0.51

1.25

1.74

3.32

3.69

6.39

1985.

1314.

4282.

135.

727.

575.

0 K ,
V L

fig K ,

Si K ,

K K ,

Ca K ,

Fe K ,

= i
Lines

0 K ,

Mg K ,

Si K

K K

Ca K

Fe K

Preset88 Off
Elapsed= 34 sees

Integral 0 =
10.230

14297

Preset= Off
Elapsed= 42 sees

Mg K

Quantex)
0. 120 Range= 10.230 keV

Integral 0 =
10.230

21068



26-Nov-1991 15:53:46
Execution time - 6 seconds
22965,SU2-4,1C,09,FM
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52 1408. 0 K , 0 K , V
V L

Preset"* Off
Elapsed= 31 sees

1.26

1.74

3.31

3.69

4.03

6.40
Guan tex>

0.

849.

3020.

121.

451.

88.

421.

120 R

Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

Ca K , Ca K

Fe K , Fe K

Mg K

Range1 10.230 keV
Integral 0 =

10.230
17369

26-Nov-1991 16:08:28
Execution time = 6 seconds
22965,SW2-4,1C,14,FM
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= off
Elapsed= 31 sees

0.52 699.

1.25

1.74

3.69

6.39

373.

1201.

199.

182.

0 K. , 0 K , V L
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex)
0. 120 Range= 10.230 keV

Integral 0 =
10.230

8776



26-Nov-1991 16:15:37
Execution time = 6 seconds
22965,SW2-4,1C,15,FM
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

P-reset= Off
Elapsed= 36 sees

0.51 707. 0 K ,0 K , V. L , V L , V L
V L

1.25 311. Mg K , Mg K ,

1.73 1478. Si K , Si K

6.39 500. Fe K , Fe K

Quantex>
0.120 Range= 10.230 keV

26-Nov-1991 16:18:43
Execution time = 6 seconds
22965, SW2-4, 1C, 16, FM
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51 1058. OK , 0 K ,
V L

1.26 573. Mg K , Mg K ,

1.73 1978. Si K , Si K

3.68 £44. Ca K , Ca K

6.40 364. Fe K , Fe K

Quantex)
0.120 Range- 10.230 keV

\
26\Nov-1991 16:24:29
Execution time = 6 seconds
22965>SW2-4, 1C, 17, FM
Vert= \ 200 counts Disp=> 1

EnergV Counts X-Ray Lines

0.52 iX)75. OK , 0 K ,
\ V L

Mg K

T ¥X 1

V L

Mg K

In

y L

Integral 0 =
10.230

10024

Preset= Off
Elapsed^ 40 sees

Integral 0 =
10.230

12238

Preset= Off
.apsed = 30 sees

1.25 Mn K . Mo K Mn K



Guantex)
0.ISO 10.230 keV

Integral 0 =»
10.230

12234

26-Nov-1991 16:24:59
Execution time = 6 seconds
22965,SW2-4, 1C, 17,FI1
Vert53 200 counts Disp55 1

Energy Counts X~Ray Lines

0.52

1.25

1.74

2.63

3.69

6.39

1075.

630.

2166.

62.

277.

358.

K K

Preset" Off
Elapsed^ 30 seci.

V L

Pig K , fig K , Pig K

Si K f Si K

CX K , Cl K

Ca K , Ca K

Fe K , Fe K



Quantex >
0.120 Range= 10.230 keV

2&-Nov-1991 16:30:19
Execution time = 6 seconds
22965,SW2-4,1C,19,FM
Vert= £00 counts Disp= 1

Energy Counts X-Rax Lines

0.51

1.02

1072.

166.

Integral 0 =
10.230

11904

1.25

1.73

6.39

395.

1937.

612.

0 K , 0 K , V L
V L

Na K , Na K , Na K
Zn L , Zn L

Mg K , Mg K , Mg K

Si K , Si K

Preset= Off
Elapsed=

Zn L Zn L

32 sees

Fe K Fe K

Quantex>
0.120 Range: 10.230 keV

Integral 0 =
10.230

11009



26-Nov-1991 16:36:10 22965, SW2-4, , FM

ENERGY COUNTS X-RflY LINES

0.52

1.01

1.25

1.74

3.31

3.69

4.03

6.40

7.06

2636.

204.

1592.

5566.

361.

775.

66.

550.

71.

0 Kfll, 0 KA2, V Lfll, (,

Na Kfll, Na KA2, Zn LAI, 2

Mg Kfll, Mg KA2, Mg KB1

Si Kfll, Si KA2

K Kfll, K Kfl2

Ca Kfll, Ca KA2

Ca KB1, Ca KB3

Fe KA1, Fe KA2

Fe KB1, Fe KB3

26-Nov-1991 16:40:27
Execution time =» 6 seconds
22965, SW2-4, 1C, 22, FM
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51

1.25

1.74

3.29

3.69

4.02

1983. OK , 0 K ,
V L

1373. Mg K , Mg K ,

3826. Si K , Si K

79. K K , K K

887. Ca K , Ca K

105. Ca K , Ca K

6.39 334. Fe K , Fe K
Quantex>

0.120 Range= 10.230 keV

Executi&n-
22965, SW2-
Vert=

Energy

0.52

31 16:47:49
~4^me = 6 seconds
-47lC>e4,FM
200 couvfbv^Disp2* ±^- — "
Counts X^a^crTnes

1671 -̂t) K , 0 K^T-

Preset= Off
Elapsed= 30 sees

Mg K

Integral 0 =
10.230

16929

Preset* Off
Elapsed^ 38 sees

1.25 1270. Mg K , Mg K , Mg K



26-Nov-1991 16:48:35
Execution time = 6 seconds
22965,SW2-4,1C,24,FM Preset" Off
Vert= 200 counts Disp= 1 Elapsed= 38 sees

Energy Counts X-Ray Lines

0.52 1671. O K , O K , V L , V L , V L ,
V L

1.25 1270. Mg K ,

1.74 3051. Si K ,

6.39 158. Fe K ,

Mg K , Mg K

Si K

Fe K

Quantex)
0.120 Range= 10.230 keV 10.230

Integral 0 = 13558
26-Nov-1991 16:50:35
Execution time = 7 seconds
22965, SW2-4, 1C, 257FM Preset" Off
Vert" 200 counts Disp= 1 Elapsed= 34 sees

Energy Counts X-Ray Lines

0.51 1076. 0 K ,
V L

1.00 118. Na K ,
Zn L

1.25 755. Mg K ,

1.73 2138. Si K ,

3.69 266. Ca K ,

6.39 398. Fe K ,

O K , V L , V L , V L ,

Na K , Zn L , Zn L , Zn L ,

Mg K , Mg K

Si K

Ca K

Fe K

Quantex)
0.120 Range= 10.230 keV 10.230

Integral 0 = 11702



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CO - Chrysotile SAED pattern

CQ • Chrysotile composition by Quantitative EOXA

CMQ • Chrysotile Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAED pattern and composition by
Quantitative EOXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD • Amphibole by random orientation SAED (shows layer
pattern of 0.53 nn spacing)

%

AX - Amphibole by qua l i ta t i ve EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qual i tat ive
EOXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by .one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax i s SAED pattern and Quantitat ive
EDXA

AZZ - Amphibole by two Zone Ax i s SAED patterns with cons is tent
Inter-axial angle

AZZQ • Amphibole by two Zone Ax i s SAED pat terns, cons is ten t
inter-axial angle and Quant i ta t i ve EOXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-3-4

Date 12 /5 /91

Total Asbestos Fibers 15 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers U MFL

> 5 Micron length {Chrysotile) *BDL MFL
> 5 Micron length (amphibole) 6 MFL

Mass {Chrysotile) _ *BDL
Mass (amphibole) _ 42

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample _ MORE

Poisson 95% Confidence Interval 1 2 to 1 9 MFL

Detection Limit 0.2 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 7 8 5 7 5 1

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 6 8 13 13 38

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

23 26 1 5

EMS LABORATORIES 117 West Bellevue Drive/Pasadena CA 91105-2503 / 818-568-0800
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26-Nov-1991 13:02:25
Execution time = 5 seconds
22956-3,fl,HOI,Sfl
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52 423. K K

Preset* Off
Elapsed= 44 sees

1.25

1.73

3.70

6.40

259.

853.

164.

177.

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Guantex>
0. 120 Range5 10.230 keV

26-Nov-1991 13:04:47
Execution time = 7 seconds
22956-3,fl,«02,Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

K0.

1.

1.

2.

3.

6.

51

25

73

62

69

40

1409.

995.

2915.

56.

705.

242.

0

Mg

Si

Cl

Ca

Fe

K
L

K

K

K

K

K

»

i

i

»

»

Integral 0 =
10.230

8780

, Mg K , Mg K

Si K

Cl K

Ca K

Fe K

Preset= Off
Elapsed= 21 sees

Quantex>
0.120 Range= 10.230 keV

Integral 0 =
10.230

15070



26-Nov-1991 13:05:57
Execution time = 6 seconds
22956-3,A,H03,SA
Vert* 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset* Off
Elapsed* 22 sees

0.52 572. O K , O K , V L , V L , V L ,
V L

1.25

1.74

3.70

6.40

424.

1297.

303.

156.

Mg K ,

Si K ,

Ca K ,

Fe K ,

Quantex >
0.120 Range* 10

Mg K ,

Si K

Ca K

Fe K

.230 keV

Mg K

T,j. i

26-Nov-1991 13:08:22
Execution time * 5 seconds
22956-3, fl,«04,Sft
Vert* 200 counts Disp* 1

Energy Counts X-Ray Lines

0.52

1.25

1.73

3.68

6.39

432.

311.

995.

214.

170.

0 K ,
V L

Mg K ,

Si K ,

Ca K ,

Fe K ,

0 K ,

Mg K ,

Si K

Ca K

Fe K

V L

Mg K

Integral 0 =
10.230

8739

Preset* Off
Elapsed* 46 sees

Quantex)
0.120 Range: 10.230 keV

Integral 0
10.230

12918



26-Nov-1991 13:10:42
Execution time = 5 seconds
22956-3,A,H05,Sft Preset- Off
Vert= £00 counts Disp= 1 Elapsed= 27 sees

Energy Counts X-Ray Lines

0.51 491. O K , O K , V L , V L , V L ,
V L

1.

1.

3.

3.

6.

24

74

35

68

37

436.

1260.

72.

198.

86.

Mg

Si

K

Ca

Fe

K

K

K

K

K

* rig

* Si

, K

, Ca

* Fe

K

K

K

K

K

Quantex >
0.120 Range- 10.230 keV 10.230

Integral 0 = 8309



26-NOV-1991 13:15:01 22956-3,A,H06,SA

EiMERGY COUNTS X-RAY LINES

0.51

:L.25

1.74

3.35

3.68

4.03

5.37

6.39

7.01

744.

576.

1657.

32.

412.

40.

23.

141.

0 KA1,

tig KA1,

Si KA1,

K KA1,

Ca KA1,

Ca KB1,

Cr KA1,

Fe KA1,

0 KA2, V LAI,

Mg KA2, Mg KB1

Si KA2

K KA2

Ca KA2

Ca KB3

Cr KA2

Fe KA2

31. Fe KB1, Fe KB3
26-Nov-1991 13:22:40
Execution time = 6 seconds
22956-3, A, «09,SA
Vert= 200 counts Disp- 1

Energy Counts X-Ray Lines

0.51

1.26

1.74

3.66

6.38

712.

412.

1400.

313.

165.

0 K , 0
V L

11 g K , Mg

Si K , Si

Ca K , Ca

Fe K , Fe

K

K

K

K

K

LG1

Preset= Off
Elapsed^ 28 sees

V L , V

Mg K

Guantex)
0.120 Range= 10.230 keV 10.230

Integral 0 = 8572



26-Nov-1991 13:34:24
Execution time = 6 seconds
22956-3,A,«10,SA
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51 1818. 0 K , 0 K , V L
V L

1.25 1456. fig K , Mg K , Mg K

1.74 3832. Si K , Si K

3.68 1022. Ca K , Ca K

4.01 109. Ca K , Ca K

6.40 222. Fe K , Fe K

Preset= Off
Elapsed= 24 sees

L , V L ,

Uuantex)
0.120 Range= 10.230 keV

26-Nov-1991 13:25:39
Execution time = 6 seconds
22956-3,ft,«11,SA
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51 805. 0 K 0 K

Integral 0 =
10.230

16345

Preset= Off
Elapsed^ 23 sees

1.25

1.74

3.68

6.41

409.

1479.

239.

143.

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex >
0.120 Range= 10.230 keV

Integral 0 =
10.230

7830



26-Nov-1991 13:34:47
Execution time = 7 seconds
22956-3,ft,tt!3,SA Preset" Off
Vert= 200 counts Disp= 1 Elapsed= 39 sees

Energy Counts X-Ray Lines

0.51 640. O K , O K , U L , V L , U L ,
V L

1.25

1.74

3.69

6.39

330.

1297.

157.

263.

tig K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe. K , Fe K

Quantex>
0.120 Ranqe= 10.230 keV 10.230

Integral 0 - 9732
26-NOV-1991 13:37:25
Execution time = 8 seconds
22956-3, A, «14,Sft Preset" Off
Vert= 200 counts Disp= 1 Elapsed= 36 sees

Energy Counts X-Ray Lines

0.51

1.25

1.74

3.69

4.02

6.41

1520.

1201.

3209.

986.

127.

177.

O K , O K , V L , V L , V L ,
V L

Mg K , Mg K , Pig K

Si K , Si K

Ca K , Ca K

Ca K , Ca K

Fe K , Fe K

Quantex>
0.120 Range= 10.230 keV 10.230

Integral 0 = 17442



26-NOV-1991 13:40:06
Execution time = 6 seconds
22956-3,ft,«15,SA
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.5.1

i.es

1.74

3.32

3.69

6.40

872.

557.

1951.

66.

249.

349.

0 K , 0 K , V L
V L

Mg K , Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsed= 25 sees

L ,

Guantex)
0. 120 Range= 10.230 keV

26-Nov-1991 13:44:05
Execution time = 6 seconds
22956-3,ft,H16,Sfl
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.

1.

1.

3.

3.

6.

52

25

74

31

69

38

1220.

800.

2553.

150.

280.

273.

0

Mg

Si

K

Ca

Fe

K
L

K

K

K

K

K

'

9

,

f

.

Integral 0 =
10.230

9226

Mg K , tig K

Si K

K K

Ca K

Fe K

Preset3' Off
Elapsed= 35 sees

Quantex)
0. 120 Range= 10.230 keV

26-Nov-1991 13:55:23
Execution time = 8 seconds
22956-3,A,H18,Sfl
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51

1.25

1.74

3.69

562.

273.

1014.

222.

0 K , 0 K , V
V L

Integral 0 =
10.230

11657

Mg K Mg K Mg K

Si K , Si K

Ca K . Ca K

Preset= Off
Elapsed= 32 sees



b. re r\ l-e is

Quantex)
0. 120 Range= 10.230 keV

26-Nov-1991 13:59:03
Execution time = 8 seconds
22956-3,ft,tt!9,Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52

Integral 0 =
10.230

7815

1.25

1.74

3.69

6.40

580.

2239.

459.

192.

0 K , 0 K , V L
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsed= 35 sees

Quantex)
0. 120 Range= 10.230 keV

Integral 0
10.230

14842



26-Nov~1991 14:03:51
Execution time = 6 seconds
22956-3,ft,H23,SA
Vert= 200 counts Disp= 1

Energy Counts X-Rax Lines

0.51 694. K K

1.

1.

3.

6.

£5

74

69

37

500.

1553.

240.

155.

V

fig

Si

Ca

Fe

L

K

K

K

K

» fig

, Si

, Ca

, Fe

K

K

K

K

, tig K

Preset= Off
Elapsed= 20 sees

Quantex>
0. 120 Range9 10.230 keV

Integral 0 =
10.230

8590



26-Nov-1991 14:06:04 22956-3,A,H24,SA

ENERGY COUNTS X-RAY LINES

0..52

1. 00

1.25

1. 73

3.31

3.67

6.39

7.04

1240. 0 Kftl,

67. Na KA1,

813. llg Kfll,

2464. Si Kftl,

108. K KA1,

245. Ca Kfll,

512. Fe Kftl,

77. Fe KB1,
26-Nov-1991 14:15
Execution time =

0 KA2, V LAI, V LAS

Na KA2, Zn LAI, Zn LAE

11 g KA2, tig KB1

Si KA2

K KA2

Ca KA2

Fe KA2

Fe KB3
:06

7 seconds
22936-3, ft, «25,Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.51 695.

1.25 418.

1.73 1599.

3.68 215.

6.39 218.

0 K , 0 K , V L
V L

fig K , Mg K , fig K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

LG1

Preset= Off
Elapsed-

, V

28 sees

Quantex>
0. 120 Range= 10.230

Integral 0 =
10.230

11217



2&-Nov-1991 14:26:12
Execution time = 7 seconds
22956-3, A, «28,Sft Preset- Off

eoo counts Disp= 1 Elapsed= 26 sees
Energy Counts X-R&x Lines

0.52 442. O K , O K , V L , V L , V L ,

fig K1.

1.

3.

3.

6.

25

74

33

69

41

300.

733.

51.

121.

71.

V

rig

Si

K

Ca

Fe

L

K

K

K

K

K

, tig

, Si

* K

, Ca

, Fe

K

K

K

K

K

Quantex>
0.120 Range= 10.230 keV 10.230

Integral 0 = 6940
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